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METER 

POSITIVE CONTROL OF MATERIALS IN morion ify) feces: 
\ }CONTROLS 


LOW MAINTENANCE 
PRECISION FEEDING 4 
REDUCES 
MATERIALS LOSS, 
INCREASES 
EFFICIENCY 


ROTODIP accurately feeds 
low viscosity liquids and 
suspensions by volume. 


Eliminate unnecessary waste . . . feed exact dosages 
... continuously . . . with automatic pacing, if 
desired. Simplicity of ROTODIP design assures 
low maintenance and longer life . . . corrosion- 
resistant materials used as required. 

Accuracy... within + 1% of calibrated rate 
Capacity ... maximum rates up to 1800 gph 

Feed range... up to 100 to | 


BUILDERS-PROVIDENCE * PROPORTIONEERS + OMEGA 


METERS « FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Request complete data. Write for Bulletin 65-H12B. 


B-I-F Industries, Inc., 368 Harris Avenue, 
Providence 1, Rhode Island 
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SAFER, MORE EFFECTIVE MUNICIPAL 


SEWAGE TREATMENT ,, > 


0 


Pleasant Hills Authority, Pennsylvania : 


Exclusively 
Successful 
Sewage 
Treatment 
Equipment 


Consoer, Townsend & 


Associates—Engineer Swing Diffuser Air Diffusion Equip- 


The Rust Engineering ment for Dependable, Continuous 
Company—Contractor 


Aeration 


SP-5 Pumps for High Head, Heavy 


Duty Raw Sewage Pumping 


OTHER CHICAGO PUMP 
Aer-Degritter Grit Removal System 


EQUIPMENT AT for Controlled Washing, Transport- 


PLEASANT HILLS ing and Concentrating Grit 


Chicago Comminutors 


Non Clog Sewage 


P 
umps Scru-Peller Pumps for Clog-Proof 


. S 70 
Utility Water Pumps Primary Sludge Pumping 


Precision Diffuser Tubes 


Chicago-Cyclotherm Sludge Heat 
Exchanger and Digester Heater 


istributor for further informa- 
Putting Ideas to Work See your Distributor ear , 

tion. Distributors located in principal 
Cities throughout the United States and 
Foreign Countries, or write Chicago Pump. 


FOOD MACHINERY AND CHEMICAL CORPORATION 
HYDRODYNAMICS DIVISION 


CHICAGO PUMP 


622 DIVERSEY PARKWAY «+ CHICAGO 14, ILLINOIS 
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Nestled among e of the t beautiful 
hills surr jing | y metropolit 
Pittsburgh is the attractive « inity 
of Pleasant Hills, Pennsylvania 

This rapidly growing suburban area 
s not only providing gracious living tor 


its residents but also effective and modern 


sewage treatment facilities. 
Consoer, Townsend and Assoc 


rc 


Consulting Engineers, designed the 


Pleasant Hills plant which includes two 


P.F.T. 65’ Floating Cover Digester 
and P.F.T. Gas Safety Equipment 

Pleasant Hills will dedicate its new plant 
this year. P.F.T. congratulates the 
community and its civic leader 


alla 


their progressive thinking and planning. 


Aerial shows P.F.T.’s two 65’ Floating Covers at new plant 


waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 


PORT CHESTER, N.Y. © SAN MATEO, CALIF. e CHARLOTTE, N.C. ¢ JACKSONVILLE © OENVER | 
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"ROTO-PLUG” CONCENTRATORS 

HERRESHOFF SLUDGE FURNACES 

The material which is bein 

pumped here to fill city 

property is the ineit ash 

produced by the incineration 

of solids removed in 
the plant 


Nichols Provides Complete Sewage py 
Solids Disposal for: Settled Sludge 
Grit 


Screenings 3 
Skimmings 
— ECONOMICAL— 
SIMPLE — CLEAN = SAFE 


NICHOLS researcn corp. 


80 Pine Street, New York 5, New York 


3513 N. Hovey Street, indienapolis 18, ind. » 405 Montgomery Street, Son Francisco, Calif. 
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WPCF MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
FINNELL, Jr., Act.-Sec., Univ. of Alabama, 
University, Ala 


Alaska Water Management Assn. 
DENNIS R. Harris, Sec.-Treas., Box 202, Doug- 
las, Alaska 


Arizona Sewage and Water Works Assn.* 
A. D. Cox, Sec.-Treas., 2612 N. 16th St., Phoenix, 
Ariz 


Arkansas Water and Sewage Conf.* 
Dr. C. W. Oxrorp, Sec.-Trea College of Engi- 
neering, University of Arkan Fayetteville, Ark 


California Sewage and Industrial Wastes Assen. 
Rosert L. Wuirte, Sec.-Treas., Bureau of Engr., 
City Hall, Burbank, Calif 


Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas., Administrative Of- 
fice, 72 Grenville St., Toronto, Ont., Canada 


Centra) States Sewage and Industrial Wastes 
Assn. 
Scott E. Linstey, Sec.-Treas., 2400 Childs Rd., 
St. Paul 6, Minn 
(England) Institute of Sewage Purification 
W. F. Snook, Sec., 10, Cromwell Place, South 
Kensington, London, S. W. 7, England 


(England) Institution of Public Health Engi- 
neers 
Ernest V. Batsom, Sec., 17 
Road, London, S. W. 1, England 
Federal Sewage Research Assn. 


Ratpu Ho tye, Sec.-Treas., Public Health 
Rm. 4123, South HEW Bldg., Washington 2 


Vauxhall Bridge 


Florida Pollution Control Assn. 
‘INCENT Patton, Sec.-Treas., State Board of 
Health, Box 210, Jacksonville 1, Fla 


Georgia Water and Sewage Asen.* 
Ropert S. INGots, Sec.-Treas., Prof. of Applied 
Biology. Georgia Institute of Tech., Atlanta, Ga 


(Germany) Abwassertechnische Vereinigung 
Otto Sec.-Treas Bertha-von-Suttner- 
Platz 8, Bonn, Germany 


Indiana Water Pollution Control Assn. 
Victor G. Wacner, Sec.-Treas., St. Dept. of 
Hith., 1330 W. Michigan St., Indianapolis 7, Ind 


lowa Water Pollution Control Assn. 
Sxorczeskl, Sec., 7 South 15th Ave., 
M: irshalltown, Iowa 


Israel Assn. of Sewage Engineers 
Sec., ¢ Technion, Israel Inst. 
of Tech., P. O. Box 4910, Haifa, Israel 


Kansas Water Pollution Control Assn. 
Howarp F. Saicer, Sec.-Treas., 1900 East Ninth, 
Wichita, Kans 

Kentucky-Tennessee Water Pollution Control 

Assn. 
S. Leary Jones, Sec.-Treas., 602 Cordell Hull 
Bldg., Nashville 3, Tenn 


Loulsiana Conference on Water Supply and 
Sewerage * 
Grorce H. West, Sec.-Treas., P. O. Box 895, 
Water Dept., Lake Charles, La 
Maryland-Delaware Water and Sewage Assn.* 
Ww 


M. Brinciey, Sec.-Treas., State Dept. of 
Health, 301 W. Preston St., Baltimore 1, Md 


Michigan Sewage and Industrial Wastes Assn. 
D. M. Perce, Sec.-Treas., Michigan Dept. of 
Health, Rm. 331, Admin. Bldg., Lansing 4, Mich. 


Mississippi Sewage and Industrial Wastes 


ssn. 
Nett G. McManon, Sec.-Treas., Mississippi State 
Board of Health, Jackson, Miss 


Missouri Water Pollution Control Assn. 
Jack K. Situ, Sec.-Treas., Water Pollution 
Control Bd., 112 W. High, P.O. Box 154, Jeffer- 
son City, Mo. 


* Water Pollution Control Sectior 


Montana Sewage and Ee Wastes Asen. 
W. CLarKson, Sé reas., Div. of Environ 
Sanit., State Board of fie: alth, Helena, Mont 


Nebraska Sewage and Industrial Wastes Assn. 
E. Bruce Meter, Sec.-Treas., Kirkham, Michael 
& Assoc., 508 S. 19th St., Omaha 2, Nebr 


New England Water Pollution Control Assn. 
RicHarp F. Greevey, Sec.-Treas., 
Dept. of Pub. Hith., 511 State House, Boston 33, 


lass 


New Jersey Water Pollution Control Assn. 
ANTHONY T. Leaney, Sec.-Treas., P. O. Box 3 
West Trenton, N. J 


New York Water Pollution Control Assn. 
RaLtpu C. Sweeney, Sec., State Dept. of Health 
55 Church St., White Plains, N. ¥ 


New Zealand Sewage and Industrial Wastes 
Assn. 
K. R. Davis, Hon. Sec.-Treas., Auckland Metrop 
Drain. Bd., P. O. Box 208, Auckland C. 1, New 
Zealand 


North Carolina Water Pollution Control Assn 
Osporne, Sec.-Treas., Rm. 309 Municipa 
Bldg., Greensboro, N. C 


North Dakota Water Pollution Control Assn. 
W. Van Hevvecen, Sec.-Treas., State Dept. of 


Health, Bismarck, N. Dak 


Ohio Water Pollution Control Conf. 
E. B. Ransom, Sec.-Treas., Div. of San. Engr 
Dept. of Hith., 101 N. High St., Columbus 15, O 


Oklahoma Water, Sewage and Industrial Wastes 
Conf.* 
H. M. Crane, Sec.-Treas., 3400 Northeastern 
Oklahoma City 5, Okla 


Pacific Northwest Pollution Control Assn. 
Gitpert H Sec.-Treas., P. O. Box 176 
Pullman, Was 


Pennsylvania Water Pollution Control Assn. 
J. R. Harvey, Sec.-Treas., c/o Pennsylvania Dept 
of Health, 996 So. Main St., Meadville, Pa 


Puerto Rico Water and Sewage Works Asan. 
Ropert J. Autp, Sec.-Treas., Espana 2015, Ocean 
Park, Santurce, P. R 


Rocky Mountain Sewage and Industrial Wastes 
Assn. 
Joun W. HeRNAND Sec.-Treas., New Mexic« 
Dept. of Public Hea Ith, P. O. Box 711, Santa Fe 
N. Mex 


South Carolina Water and Sewage Works 
Asan.* 
Ropert N. Bowen, Sec.-Treas., 417 Wade Hamp 
ton Bldg., Columbia, S. C 


South Dakota Water Pollution Control Assn. 
Don C. Katpa, Sec.-Treas., Div San. Engr 
State Board of Health, Pierre, S 


(Sweden) Féreningen fir Vattenhygien 
Erik Jonsson, Sec., Box 5038, Stockholm 5, 
Sweden 


(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 

Pierre Wi pi, Sec., Hegemmatt 28, Zurich 2/38 
Switzerland 


Texas Water and Sewage Works Assn.* 
G. R. Herztk, Jr., Sec.-Treas., Div. of San. Engr 
State Dept. of Health, Austin, Tex 


Utah Water Pollution Control Assn. 
WILtiaAM W NDERTON, Sec.-Treas., 2500 S. State 


St., Salt Lake City 15, Utah 


Virginia Industrial Wastes and Sewage Works 
Assen. 
Orvat J. Hanp, Sec.-Treas., Hercules Powder Co 
Hopewell, Va 


West Virginia Water Pollution Control Assn. 
Gren O. Fortney, Sec.-Treas., State Dept. of 
Health, Charleston 5, W. Va 
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New y MONODECK’ floating cover 


1OUID 
“VORT! MIX" — 
| EQUALLY SPACED CORBELS CRCARATOS 


GAS LINE 
(OPTIONAL) 


DRAIN SUMP 


? 
CONCRETE SHELL FLEXIBLE HOSE 


SECTIONAL ELEVAT 


214’ diameter single plate design for 
, gashoider at Long Beach, California. 


7a 
: 
pai 
: 
f 
| exclusive arrangement with Géneral 4. Upto 60 feet im diameter, the “MONODECK” 
of sizes. This position. Tank and cover can, therefore, be 
which have been tion costs may be as much as 50% onthe 
ider for the City of Long Beach, California. 5. The elimination of trusses between cover jus 
he essential features and advantages of the and root removes the explosion hazard and cc 
“MONODE [pe cover are: reduces the dead load to 15 pounds per sq. ft. 
“PROMPT DELIVERY AT LOW FREIGHT COSTS 
ontoon is a str uct ural ~ FROM SOURCES IN EASTERN, MID-WESTERN, 
It design . Rectangular plates are -For more complete information, write 
welded into a si }deck to which a pro. today for bulletin 6723 
+ ’ 
: 
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MEMBER ASSOCIATION MEETINGS 


Association * Date Place 


New York Jan, 18-20 Park Sheraton Hotel, New York City 


Utah Feb. 6-7 University of Utah, Salt Lake City 


Puerto Rico Feb, 24 Condado Beach Hotel, Santuree 


ISP, South African Mar. 6-10 Muizenberg Pavilion, Capetown, South Africa 
Branch (England) 


Robert E. Lee Hotel, Jackson 


Mississippi 


Texas Texas A & M, Student Center, College Station 


New Jersey Mar. 15-17 Trayvmore Hotel, Atlantic City 


Arkansas Marion Hotel, Little Rock 


West Virginia West Virginian Hotel, Bluefield 


Kansas Apr. 12-14 Baker Hotel, Hutchinson 


Arizona Apr. 20-22 San Marcus Hotel, Chandler 


California Apr. 26-29 Hotel Miramar, Santa Moniea 


Virginia May 9 Hotel Chamberlain, Old Point Comfort 


Alabama June 5-7 University of Alabama, Tusexloosa 


Central States June 7-9 Leland Hotel, Springfield, Il. 


Towa June 7-9 The New Inn, Okoboji 


ISP (England) June 19-23 Brighton, England 


* See preceding left-hand page for full name. 


THIRTY-FOURTH ANNUAL MEETING 


Water Pollution Control Federation 


Host—Central States Sewage and Industrial Wastes Association 
Milwaukee, Wisconsin 


Technical Meetings and Exhibits—Auditorium 
Hotel Headquarters—Schroeder 
October 8-12, 1961 
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This is the chlorinator you can be proud of. Its handsome modern appear- 
ance reflects the advanced technology of its working parts. It is the first 
chlorinator ever to offer a complete regulator system in a single stack. There 
is no frail piping. Not even traces of moisture can feed back from the ejector. 
Any vacuum interruption stops operation ... instantly closes the chlorine 
inlet valve. We believe it to be—inherently—the safest, most dependable, 
and most accurate chlorinator ever devised. It is also the most controllable. 
Controlomatic models accept any imaginable type of signal, use it to feed 
up to 2000 pounds per day of chlorine according to any control mode you may 
choose. Because of its advanced design, because of its corrosion-proof con- 
struction, we firmly believe that this is the chlorinator that will never— 


never—grow old. 


If vou choose to buy one of these 
chlorinators sight unseen, on our say-so, 

we can deliver immediately from warehouse 
stocks across the country. If not, your 

local F&P field office will be happy to 
demonstrate the 3400 Series at your plant, 

at your convenience. Call for an appointment. 
Or, write for complete information in 

Catalog 70C3400. Fischer & Porter Company, 
1/11 Fischer Road, Warminster, Pa. 


FISCHER & PORTER COMPANY 


TR 


VSTRUMENTATION AND CHL¢ 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth. FISCHER & PORTER CANADA) 
LTD DOWNSVIEW. ONTARIO « FISCHER & PORTER LTD WORKINGTON, CUMBERLAND, ENGLAND e FISCHER & PORTER GmbH 

GROSSELLERSHAUSEN. BEI GOTTINGEN, GERMANY e FISCHER & PORTER NV, KOMEETWEG 11, THE HAGUE, NETHERLANDS e FISCHER & 
PORTER Pty LTD, 184 HANNA ST., SOUTH MELBOURNE, VICTORIA, AUSTRALIA. 
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Primary 

Sewage 
Treatment 
Unit 
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Combines Grit Removal... 


An important new _ Eimco - Process much simplified flowsheet, savings in 
development for sewage treatment now space, and minimum investment in struc- 
makes it possible for many treatment tures and equipment. 
plants to remove grit from sewage and 


An Oxigritter is essentially a primary 


get improved clarification at lower costs. clarifier having an inner pre-aeration f 
Multi-purpose Oxigritter treatment compartment in which grit separations . 

units provide grit separation, pre-aera- 65 to 200 mesh are made before organics 

tion and clarification all in one double pass to the primary sedimentation com- 


compartment tank. Its use results in a partment. 


For additional grit washing and dewatering, 
the Eimco-Process Cyclo Grit Washer can be 
used with Oxigritter units for almost complete 
removal of putrescibles and objectionable light 
materials. Use of Cyclo Grit Washer is especially 
desirable when grit separations of 100 to 200 
mesh are made in the Oxigritter. 


Oxigritter and Cyclo are trademarks of The Eimco Corporation 
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Pre-Aeration. 


Because grit separation is controlled 
by aeration, the sewage flow is also pre- 
aerated and freshened in the center com- 
partment. If intermediate treatment is 
desired for periodic or seasonal operation, 
the addition of chemicals for solids floc- 
culation provides 75 to 85 percent sus- 
pended solids removal with corresponding 
BOD reductions. When trickling filters 


THE EIMCO CORPORATION 


Salt Lake City, Utah 


B - 652 


a 


. Clarification 


are used the reduced organic loading re- 
sults in savings in construction costs. 
The Eimco-Process representative in 
your area can tell you other interesting 
facts about Oxigritter units for low-cost 
sewage treatment. Ask him, too, for new 
Oxigritter Bulletin SM-1016. Or, you 
may get your copy by writing direct to 
Eimco’s Process Engineers Division. 


‘Sewer: Process Engineers Division 


420 Peninsular Avenue, 
San Mateo, California 
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FLOCCULATION UNITS 


\ 
RECTANGULAR CLARIFIERS 


units combined... 


AUTOMATIC 
BACKWASH FILTERS 


For industrial and municipal 
water supplies, the Hardinge 
equipped water treatment plant 
is available in unit sizes of 
from 1 M.G.D. to 5 M.G.D. 
Flocculation, clarification, and 
filtration equipment—combined 
in modular units and sized to 
your requirements for a con- 
tinuous supply of high-quality 


NEW YORK 
TORONTO 
CHICAGO 
HIBBING 
SALT LAKE CITY 
SAN FRANCISCO 
HOUSTON 
LAKELAND 


“Hardinge Equipment—Built Better to Last Longer.”’ 
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How to keep ait, 
vacuum and water 
hammer from 


sabotaging 


1. Prevents water hammer: Type CCAV 
Controlled Closing Air Valve protects 
against damaging ettects of surge and water 
hammer. Combines functions of an air inlet 
valve (vacuum breaker) and a controlled 
closing unit (to prevent sudden water stop- 
page and subsequent water hammer). 4” 
and 6” sizes. Capacities from 575 to 5980 
gpm. Send for Bulletin 1225. 


2. Removes excess air: Type AGFD Auto- 
matic Air Release Valve prevents stoppages 
due to air-lock at high points in line. Has 
large discharge capacity, excess power to 
insure opening of the valve against high in- 
ternal pressure. Can be equipped to hold 
vacuum, preventing re-entry of air into 
pipeline through valve. Furnished with 2”, 
1144” or 1” inlet diameter. Standard valve 
operates to 250 psig—special to 300 psig. 
For details, get Bulletin 1206. 


3. Protects sewage pipelines: Type “B” 
Air Release Valve, special for lines carrying 
sewage or sludge, removes entrained air 
and gases. Special trap catches sludge, pre- 
vents fouling of air release valve. Relatively 
simple back-flushing cleans out this trap, 
maintains top efficiency and _ protection. 
Valve itself is same as Type AGFD. Details 
are in Bulletin 1206. 


\ 


ce ¥ 


3) il brief Simplex guide 


S22 to pipeline economy 


4. Provides three functions: Type AV Air 
Release and Air Inlet Valve performs three 
operations, combines great protection and 
single-unit economy: (1) Automatically re- 
leases accumulated air, (2) admits air to 
break vacuum, and (3) vents pipeline to 
permit escape of air when filling system 
with water. Standard units operate to 150 
psi. For full details, send for Bulletin 1205. 


5. Breaks vacuums: Type VAC Air Inlet 
Valve solves two serious pipeline problems: 
possible collapse of pipelines due to for- 
mation of vacuums—and stoppage of flow, 
caused by air binding when ie are being 
filled. Standard units have 4” to 10” inlet 
diameters, can be assembled in groups to 
do the work of one large, expensive valve. 
For 16 pages of detailed information, get 
Bulletin 1202. 


SIMPLEX 


VALVE AND METER COMPANY 


a division of PFAUDLER PERMUTIT INC. 
Lancaster, Pennsylvania 
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WASTE DISPOSAL 
HAS 
COST RECOVERY 
POSSIBILITIES 


Why not explore them 


for your community? | 


FOR SLUDGE DISPOSAL 


THE C-E RAYMOND FLASH DRYING 
AND INCINERATION SYSTEM 


is the only system that permits both 

drying and incineration of sewage ; 
sludge — separately or together — in ; 
any proportion. This service-proved j 
equipment today processes more fil- 
ter cake than all other systems com- 
bined. High temperature deodoriza- 
tion and efficient fly ash collecting 
equipment assure that nearby resi- 
dents are not bothered by air pollu- 
tion. The C-E Raymond System's 
unique design and control also as- 
sure economy of operation and 
uniformity of product. 


COMBUSTION 


General Offices: 

New York Offices: 

Raymond Division: 427 West Randolph St., Chicago 6, Ill. 
Canada: Combustion Engineering-Superheater Ltd. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 
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THE C-E INCINERATOR STOKER AND THE C-E RAYMOND SYSTEM 


combine a half-century of experience in burn- 
ing all kinds of conventional, marginal and 
waste fuels with the most service-proved 
drying system. Using “continuous” process- 
ing, the C-E Incinerator Stoker requires only 
minimum operating attention and mainte- 
nance. From the time refuse is fed into the 
self-sealing, non-clogging hopper, until the 
incinerated residue is discharged to the ash 


Yes, even waste disposal can be turned into a 
productive function. Municipalities all over 
the country find new economies... new reve- 
nues ... through their use of Combustion 
units like those shown on these pages. With 
continuous, near-automatic processing, sub- 
stantial manpower can be diverted to other 
duties ... capacity per dollar of investment is 
increased ... usable and marketable end- 
products are produced. 


Many communities turn sewage sludge into a de- 
sirable, humus-rich soil conditioner with the C-E 
Raymond Flash Drying and Incineration Sys- 
tem. Often, they can recover a large part of 
their operating expenses from sale of this con- 
ditioner or use it to maintain parks and recrea- 
tion areas. Other towns use units of the same 
design to incinerate sludge to sterile ash. 
These versatile units can produce one or both 
end-products in any proportion. 


pit to be hauled away, the entire operation is 
automatic, efficient, quick and clean. The C-E 
Incinerator Stoker is capable of burning all 
types of combustible refuse in quantities 
ranging upward from 50 tons per 24-hour day. 
Heat from the burning refuse is used by the 
C-E Raymond Flash Dryer System to dry 
sewage sludge. 


For refuse incineration, the C-E Traveling Grate 
Incinerator Stoker is available. It reduces gar- 
bage and refuse to a sterile ash, free from clin- 
kers. The ash is suitable for use as a sanitary 
land fill for the reclamation of waste land. 
Where required, the incinerator may be used 
in conjunction with a C-E Waste Heat Boiler 
to provide an economical steam source for 
plant heating or power. 


To make the most of existing property, economy- 
minded municipalities are looking more and 
more into the possibility of treating both 
refuse and sewage sludge at the same plant 
site. Aside from the obvious benefit of lower 
capital investment, there’s the added benefit 
of being able to combine both manpower and 
equipment, eliminating costly duplication. In 
addition, the C-E Refuse Incinerator can read- 
ily supply no-cost heat to dry the entire output 
of sewage sludge. 


ENGINEERING 


Windsor, Conn. 
200 Madison Avenue, New York 16, N. Y. 


Western Office: 615 South Flower St., Los Angeles 17, Calif. 


C-215-A 


PAPER MILL EQUIPMENT; PULVERIZERS; FLASH ORYING SYSTEMS; PRESSURE VESSELS 
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PIPE THAT SHOULDERS 
A HEAVY LOAD 
WITHOUT SHOWING 
ITS AGE 


Recently installed in a town in Illinois, 
this cast iron pipe water supply system 
now serves a large industrial area. 

Besides the internal pressure of sup- 
plying the heavy daily demand, there 
is a heavy load overhead, too. The 
industrial area is a packaging and dis- 
tribution center. Large numbers of 
fully loaded rail cars and trucks come 
and go every day. 

As far as the cast iron pipe is con- 
cerned, this is all in a day’s work. 

Cast iron pipe shoulders heavy loads 
—interior and exterior—year after 
year; performs efficiently for a century 
or more. 

And it always delivers a full flow of 
water. 


ADVERTISING CAMPAIGN FROM CAST IRON 
PIPE RESEARCH ASSOCIATION SHOULDERS A 
HEAVY LOAD, TOO! 


For years the Cast Iron Pipe Research Asso- 
ciation has attacked the water problem 
nationally; now, in addition, it is undertaking 
a new campaign to combat this crisis on a 
local level. Car cards, speeches, radio spots, 
newspaper ads, mailing pieces—everything 
will be included. If your town’s problem is 
apathy or a growing water shortage, we may 
be able to help. For complete details, write to 
the Cast Iron Pipe Research Association today! 


a CAST IRON PIPE RESEARCH ASSOCIATION 


3440 Prudential Plaza, Chicago 1, Illinois 
; 
AST IRON PIPE 
cas 


THE MARK OF THE 100-YEAR PIPE 
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You'll Get 
““FLEXIBLE”’ 


Sewer Cleaning 
Equipment 


If it’s for cleaning sewers, ‘‘Flexi- 
ble” makes it, from the smallest hand 
set to the heaviest power equipment. 
“Flexible” Sales Engineers spend 
100% of their time working with 
Sewer Superintendents, analyzing 
their problems, and then training their 
crews after delivery. 

A complete line of work-proven 
equipment, backed by the sound coun- 
sel of experienced ‘‘Flexible’’ Sales 
Engineers, gives your city maximum 
results for its sewer cleaning invest- 
ment. 

Get all the facts, without obliga- 
tion. Write today! 


RODDING MACHINES 


SeweRodeR: Sectional! rods, Positive 
Dog-and-Chain Drive, Safety Clutch, 
4,000-Ib. thrust, 3,000 ft. per day 


MonoRodeR: Continuous straight rod 
in lengths to 1,200 ft., Infinitely 
Variable Positive Drive Speed. Footage 
Counter and rotation Tachometer 


CoilRodeR: 1” dia. coiled rod for 4 to 
8-in. lines; 1%” dia. coiled rod for 4 
to 12-in. lines. 


Instant Reverse Power Drive: For small 
jobs and limited budgets. 


BUCKET MACHINES 


Truck-Loder: Loads right into truck, 
ends dumping sewage on street, elim- 
inates shoveling and cleanup. Sets up 
from street level using Surface-Hung 
Manhole Rollers. Safety Belt Booster 
Clutch, Footage Meter, Instant Dual 
Speed Transmission. 


415 SO. ZANGS BLVD., DALLAS, TEXAS 
3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
1005 SPENCERVILLE ROAD, LIMA, OHIO 
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LOUISVILLE 


Fourteen Smith & Loveless factory-built sewage lift 


stations are a part of the new municipal sewerage 
system in Shively, Kentucky. The project was 
engineered by J. Stephen Watkins and Robert E. 
Martin, consulting engineers of Louisville and 
Lexington, Ky. The stations were installed by 
Hy-Ty-Co, a joint venture of the R. B. Tyler 
Company of Louisville and Hyde Construction Co., 
Jackson, Miss. 


Shively is the fastest-growing city in Kentucky and a 
suburb of Louisville. Its new sewer system will 
utilize eight Smith & Loveless pump stations—seven 
with elevators in the entrance tube—and six Smith 
& Loveless “Mon-O-Ject” pneumatic ejector lift 
stations 


The Shively stations are another vital link in our list 
of over 1,600 installations all across the United States, 
including Alaska and Hawaii, Canada—even Europe 
and South America. Built by the world’s largest 
manufacturer of factory-built sewage lift stations for 
municipal sewerage systems. 


Smith & Loveless 


For the complete story of Shively’s 
municipal sewerage system — and 
engineering data on Smith & Loveless 
factory-built sewage lift stations and 
sewerage treatment plants—just write 
to Department 30. 


STATON 


P.O. BOX 8884 _ KANSAS CITY 15, MISSOUR! / PLANT: LENEXA, KANSAS 
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NATCO 


Natco Corporation 
Pittsburgh 22, Pa. 


TRANSLOT 


Cannelton Sewer Pipe Co. 
Cannelton, Ind. 


ARMCRE 


Ayer-McCarel Clay Co., Inc. 
Brozil, Ind. 


Bowerston Shale Co. 
Bowerston, Ohio 


POMONA 


Pomeno Terra-Cotta Co. 
Pemene. Ne Cor. 
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WHY TRICKLING FILTERS SUCCEED 
for Sewage and Wastes Treatment 


Nearly 1,000 new trickling filters went into service be- 
tween 1945 and 1957. The building-pace continues 
unabated. This is a direct reflection of their economy 
in construction and efficiency in operation. For many 
of these filters are working as well today as when first 
built, even those thirty and more years old. Costly re- 
modeling and rebuilding have been avoided. And no 
other type is easier to add to if growth exceeds your 
original estimate. 


An important element in this success has ben the vitri- 
fied clay underdrain blocks in the floors. Clay leads 
the field in its resistance to corrosive factors such as 
acids, alkalis and bacteriological action. TFFI Specifi- 
cation clay blocks not only serve right, they are made 
right—in modern plants under manufacturing controls 
of quality that substitute materials cannot even ap- 
proach. 


Demand Certified Underdrain Block! 


Vitrified Clay Block manufactured by TRICK- 
LING FILTER FLOOR INSTITUTE members 
and tested by the Materials Testing Laboratory of 
Rose Polytechnic Institute comply with or exceed 


ASTM Specification C 159-59T. 


Only THFI blocks give you a 50-year Guarantee. 


TRICKLING FILTER FLOOR INSTITUTE 


Address nearest member 


TRANSLOT DICKEY 


Texos Vitrified Pipe Ce W. S. Dickey Clay Mfg. Co, 
Mineral Wells, Texeos Konsos City 6, Mo 
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Owner: City of Cynthiana, Kentucky 


Engineers: J. Stephen Watkins 
Consulting Engineers 
Lexington, Kentucky 


Design Flow: 24 hour average 


Lakeside Equipment: 2 — 28’-0’' x 9’ SWD Primary Spiraflos 
1 — 40-0” x 9 SWD Final Spiraflo 
1 — 72'-0” x 6’ Rock Aero-filter 


AERO-FILTERS: Jhe high rate filter with rain- 

drop-like application. Proven results based on the 
i biologically accepted facts that proper feeding of a 
trickling filter will result in a consistently higher BOD 
removal per cubic yard of filter media. Added advan- 
tages include . . smaller diameter filter beds. less 
filter fly nuisance, higher hydraulic loadings, and ENGINEERING 
222 West Adams St., Chica 


lower recirculation ratios. Over 200 Aero-filters in 
operation. Write for Bulletin #116. 
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DESIGN MANUALS / 


“Sewage Treatment Plant 


¢ TREATMENT PLANT 
DESIGN 


Design,” 374 pages of the 


latest information for those 
interested in plant design. 


(WPCF MOP 8). 


e SEWER DESIGN AND 
CONSTRUCTION 


“Design and Construction of 
Sanitary and Storm Sewers,” the 


widely used sewer manual con- 


COMPANION VOLUMES 


taining 283 pages of comprehensive 


IN THE 


information, including more than 100 


FEDERATION 
illustrations. (WPCF MOP 9). 


MANUAL 
Each manual is offered to members at 


$3.50, and to others at $7.00. 


SERIES 


(Produced Jointly 
with ASCE) 


Bring your reference library up to date with 


the addition of these authoritative volumes. 


See Publications Page in this issue for other 


details and convenient order coupon. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D. C. 
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why... 


MARLOW PLUNGER PUMPS 
HANDLE SLUDGE BETTER! 


Marlow plunger type pumps are self-priming Marlow’s variable eccentric permits adjustment 
| with suction lifts up to 20 feet and more. 4 of stroke to alter pump capacity, no need for 
variable speed motors or speed changing de- 
Guaranteed quantity for each cycle permits vices. 
9 Marlow Plunger Pumps to double as metering 
unit... simplifies operating cycle of treatment 


plant sures intermittently, when needed, to clean par- 


tially clogged lines. No need for time consuming 
manual cleaning. 


9 Marlow Plunger Pumps can develop higher pres- 


3 Much higher pressures can be developed from 
Marlow Plunger Pumps than from any other type Large open areas of pump bodies and ball-valve 
of pump. They are suitable for applications in- 6 chambers reduce chances of clogging. Acces- 
volving low heads, high pressure or multiple per- sible valve chambers reduce down-time of pump 
formance requirements. should valve assembly clog. 


find out how 
Marlow plunger 


type pumps can 

help solve your MARLOW PUMPS 
waite ‘or DIVISION OF BELL & GOSSETT COMPANY 
MIDLAND PARK, NEW JERSEY 


Morton Grove, Illinois * Longview, Texas 


information. 
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M.O.P. 7—SEWER MAINTENANCE 


complete coverage for protecting 
a $15 billion investment 


a first in the field 
64 pages 

68 references 
$1.00 to members; $1.50 to others , 


see coupon on page 29a 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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PITCH-IMPREGNATED 


PIPE 


economical FIBRE PIPE for large 
diameter waste disposal lines 


For low-pressure 
gravity flow lines 


For industrial 
venting 


P.1. PIPE comes in 10’ lengths up 
to 36” 1.D.; straight line fibre 
couplings available with or with- 
out neoprene gaskets. Can be 
sawed, or drilled and tapped for 
special fittings. Steel fittings may 
be connected to P|. PIPE with 
Dresser or other similar couplings 


Now, the advantages of fibre pipe can be had in large diameter low- 
pressure lines with Sonoco P.I. PIPE — the first and only fibre pipe 


available in I.D.’s up to 36 inches! 


This low-cost fibre pipe is particularly valuable in industrial waste 
disposal systems, because it withstands the attacks of chemical efflu- 
ents and requires no mastic coating or other special treatment. De- 
signed primarily for gravity flow lines where the maximum head does 
not exceed 20 feet, P.l. PIPE combines high corrosion resistance with 
strength, light weight, ease of installation, and great versatility in use. 


LAMINATED FOR LASTING DURABILITY 


P.1.PIPE is composed of many lay- 
ers of tough fibre, tightly bonded 
together for greater strength, then 
impregnated with liquefied coal tar 
pitch to make it impervious to most 
types of chemical corrosive agents 
Properly installed above or below 
grade, or underwater, P.1.PIPE will 
withstand thermal shock, traffic tre- 


mors, and soil settlement without 
rupturing or cracking. 


On each order of P.l. PIPE wall 
thickness can be varied in any giv- 
en I.D.. to meet exact crushing 
strength requirements. This means 
a better, more economical installa- 
tion. 


For complete information and prices, write 


SONOC 
Construstion Products 


SONOCO PRODUCTS COMPANY + HARTSVILLE, S.C. 
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Hillsboro, Oregon, adopts 
Activated Sludge Treatment 


AERATORS 


A high degree of treatment, made necessary by minimum river flow during the 
summer and the presence of parks, picnic grounds and swimming areas down- 
stream, is achieved in this 1.25 MGD activated sludge plant for the City of Hillsboro, 
situated west of Portland, Oregon. Overall B.O.D. reduction is well in excess of 90%. 

Key to successful operation is the use of the D-O Aerator —a radically new 
design providing exceptionally high oxygen absorption efficiency, with virtually 
no problems of clogging and maintenance. Treatment units include 45’ dia. Dorr 
Primary and Final Clarifiers and four D-O Aerators. Two Aerators are installed 
per basin. Each basin is 56’ long x 18'6” wide x 15’ s.w.d. to provide a liquid design 
detention of three hours. For information on the new D-O Aerator, write for 
Bulletin No. 7316 to Dorr-Oliver Incorporated, Stamford, Connecticut. 


DORR-OLIVER 
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REPORT OF THE COMMITTEE 


ON 


PERSONNEL ADVANCEMENT-1960 


Committee Report 


This committee during the past few 
years has been developing a program 
to provide assistance and material to 
Member 
which will help them improve the POsl- 


the states and Associations 
tion and ability of the waste treatment 
plant operator and, through this bene- 
fit, the community or industry that em- 
plovs him. In conformance with this 
broad assignment and specific recol- 
mendations made by the Federation's 
Executive Secretary, the committee has 


engaged in the following activities: 


1. Collecting 
mation on 


infor- 
and 


and tabulating 


operator certification 
training 

2. Developing a model plan for vol- 
untary certification. 


4. Exploring the problems of job 
classification standards and means for 
obtaining better compensation for plant 


personnel. 


In line with its assignment, there re- 
main the which 


not actively 


following activities 


have been planned, but 


pursued 


1. Development of a model plan for 
mandatory certification. 

2. Promotion of certification in states 
Without plans and improvements where 


plans are weak. 


Board of 
33rd An- 
Pa., October 


This report was prese nted to the 
Control during the 
nual Meeting at Philadelphia, 
The Committee is composed of: 
W. A. Hasfurther, Chairman, Be Rallard, 
Benas, J. BE. Cooper, M. E. Daw- 
Ernest Hamilton, C. W. Klassen, Wil- 
Larkin, M. Neuzil, D. M. Pierce, T. C. 
Seid, and Hl, S. Smith 


Federation’s 


Be nojoamin 
Lins, 
liam 


Schactole, Sol 


3. Promotion of improved training 
programs for treatment plant person- 
nel 

4, Cooperation with 


other agencies having the common goal 


committees of 


of improving operator training and 
certification, whether it be for water 
or wastewater treatment plant person- 
nel, 


Questionnaires were sent to the vari- 
ous agencies asking for information on 
methods of administering certification 
programs, results of program opera- 
tion, and suggestions for improvement. 
Much of the collected information has 
been used as a basis for the body and 


conclusions of this report. 


Operator Certification Programs 


The committee continued to gather 
information on certification programs 
and revised and brought up to date the 
tabulations begun several years ago. 
The revised summary of these efforts is 
given in Appendix I, 

Table I summarizes 
certification in the 

In the states listed under voluntary 
plans, six are covered in a plan ad- 
ministered by the New England Water 
Pollution Control Association and two 
plus the District of Columbia are cov- 
ered by the Maryland-Delaware Water 
and Sewage Association’s plan. 

Twenty-three plans, all 


the extent of 


voluntary, 
covering 29 states have been sponsored 
entirely or in part by Member Associa- 
tions of the Federation, and in 
cases almost full administration comes 
through the 


some 


Sponsoring association. 
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TABLE I.—General Status of 
Certification Plans 


Number | Per Cent 
Status ot ot 
States States 
Covered by voluntary plan 33 66 
Covered by mandatory plan 6 12 
No plan 18 
No information 2 1 
Total 50 
About one-half of these plans, how- 


ever, rely on the various state health 
departments for much of the adminis- 
tration. 
are 


All of the mandatory plans 
sponsored and administered 
tirely by state health departments. 

Twenty-five plans, including the 6 
mandatory covering 3] 
were available for study. 
wide 


en- 


ones, States 
They show 
divergencies in classifying op- 
erators, requirements, and administra- 
tive details. 

Seventeen of the plans group sewage 
and waste treatment plants, with the 
intent that at operator be 
classified in a grade related to his plant 
group. 
to be established in 
tions’’ 
board. 


various plans ranges from 


least one 
One plan provides for grading 
‘rules and regula- 

the certification 
The number of groups in the 
three to 


prepared by 


seven. 

In 24 plans, the operators are certi 
fied according to classifications based 
on experience, education, training, per- 
formance, and, usually, examinations. 
In the remaining plan, classification 
would be established in the 
regulations. ”’ 


‘‘rules and 
Seven plans used three 
classifications, nine used four, five used 
five, and three used six. 

In some plans, all classifications are 
but in 


covered by examinations, most 


plans having four or five groups, the 
lowest grade is exempt 

The variance in number of operators 
classes, examination requirements, and 
qualification 


ments 


and experience 
diffientht to practice 


While 14 states or assoeia 


require- 
makes it 
reciprocity, 
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1961 


January 


tions indicated that reciprocity was a 
part of their plan, almost all said it 
would be granted only after a review 


of the other states requirements and at 


least an oral examination of the op- 
erator. 

In the field of plan publicity mueh is 
lacking. All agencies give a certificate 
or card showing that the operator is 
certified, but only about one-half. re- 
ported that they notify local papers or 
the operator’s employer. 

Few agencies publish rosters of cer 
tified operators. The Iowa Association 
is notable because it publishes a com 
plete annual informa- 
tion on the current year’s activities, a 
roster of all certified 


COLTSeS 


report giving 


and 
extension 


operators, 
short and 
held, including the names of 


those attending. 


lists of 


COUTSeS 


A few states with voluntary plans 
are seeking to strengthen their program 
through a mandatory plan, but nearly 
all indicated that except for the first 
few hard years their plan has fune- 
tioned satisfactorily 
lated the 
provement. 


and has stimu- 


operators toward = self-im 

To make reciprocity possible and to 
put operators on a more equal basis, it 
that all 


Accordingly, this committee is suggest 


is desirable plans conform. 
ing a model voluntary plan (Appendix 
I] which could be used as a ruide by 
those agencies sponsoring certification. 
No similar model has been prepared 
for a mandatory plan. 


Operator Training Programs 


Considerable information has been 
obtained on training, although it is not 
sufficiently complete to make compari- 
sons of the effectiveness of the various 
programs and the needs for revision or 


Appendix IT] 
tabulation of pertinent data. 


improvement. vives a 
Short courses and training programs 


vary widely in duration, seope of 
study, and manner in which they are 
viven., 


New 


In time spent, they range from 


Jersey’s two four-week courses 
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and one one-week course, each on dif- 
ferent subjects plus several extension 
courses, and New York’s 10-day short 
courses, each for two grades of certi- 
fication, to a number with only an an- 
nual one-day meeting, or school, and 
several with no planned program at all. 

A summary of limited data shows 
that in addition to the two states men- 
tioned, 15 are covered by 5-day short 
courses, and 23 have courses covering 
lesser periods. These data are deceiv- 
ing since several states holding two- 
or three-day courses supplement them 
with extension courses or hold several 
courses in various locations. Many 
states finding that small plant oper- 
ators cannot attend regular training 
schools have set up one-day schools at 
several places or hold meetings one or 
more nights a week for several weeks. 
As examples, Texas supplements its 
short course with other courses held 
four nights a week for two weeks in 
any area where sufficient operators are 
interested, and North Carolina and 
Oklahoma hold evening elasses one 
night a week for 17 and 18 weeks, re- 
spectively. 

Most of the states with either man- 
datory or voluntary certification pro- 
grams have separate short courses for 
beginner, intermediate, and advanced 
groups. 

Little means for accurate judgment 
are available, but it appears that the 
quality of training also varies. Some 
training appears to be of a very gen- 
eral type or is limited by time, while 
other follows well-prepared programs 
presented by highly competent in- 
struectors. Several states use training 
courses as part of their certification 
program and use an examination at the 
conclusion of the course for establish- 
ing certification qualifications. 

A number of states in conjunction 
with their training programs have de- 
veloped study manuals. These range 
from simplified to moderately ad- 
vanced texts. 

Most states have found it difficult to 
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prepare and finance training literature, 
and an almost unanimous recommenda- 
tion from them is that the Federation 
develop training guides, manuals, and 
course Outlines. Most replies stress the 
need for basic material written so that 
the operator without much formal 
education can understand it and put it 
into practice. The need falls in three 
classifications: (a) basic theory, (b) 
operation of units, and (¢) mainte- 
nance of mechanical equipment. These 
materials should be printed and made 
available to health departments, col- 
leges, or Member Associations at their 
request. 

It is believed that the development 
of training manuals should be coordi- 
nated with the development of training 
courses with separate manuals or chap- 
ters written for each operator classifi- 
cation. Several states have developed 
manuals along this line and these could 
be used as a basis for Federation ac- 
tivity. 

Last year’s committee report made 
suggestions which are repeated in es- 
sence, since this year’s committee has 
not gone beyond the point of reviewing 
training programs and material. 

That report suggested that the Fed- 
eration employ a coordinator for the 
development of training programs and 
that this committee work with him in 
these endeavors: 


1. Review outstanding state training 
programs and publicize them so that 
states with weak programs may study 
them. 

2. Review extension courses offered 
by universities or health departments ; 
assist in publicizing the outstanding 
ones, and undertake combining them 
into model guides to assist others in 
developing and administering their 
own extension or correspondence pro- 
grams. 

3. Develop long-range model train- 
ing programs in harmony with ree- 
ommended certification classifications 
and develop prerequisites of education, 
training, and experience. 
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Operator Salaries and Job 
Classifications 


The respolse lo questions on salaries 
and job surveys was not encouraging. 
Many indicated that 
salary surveys would be possible in 
their area, but most felt that 
good response the survey would have 


correspondents 
to geta 


to be made in cooperation with one or 
more agencies within the state. 

Several salary studies were referred 
to, but the only report submitted was 
that made in Illinois by the Association 
of Sewage Works Operators. The re- 
port concluded in general that sewage 
plant operators are paid less than those 
holding comparable positions in other 
utilities. 

Little has been done in preparing 
job descriptions for waste treatment 
personnel except in and 
federal service where employees are 


large cities 


under civil service. The committee has 
done no work on job classification dur- 
ing the past year and the comments in- 
cluded in last year’s report are still 
pertinent. 


Comments and Recommendations 


The committee is at the point where 
contact 


it is necessary to have closer 
with the states and Member 
tions in their certification 
and training This again 
points to the need for the Federation 
to employ a coordinator to work with 
the committee. While the 
can analyze and 
euides and model programs, the Fed- 


Associa 
regard to 


programs. 


committee 
programs develop 
eration through its staff must promote 
their use. 

The committee 


system of having 
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informa- 
tion to the states has not worked well. 
The double 


time-consuming and one or 


members relay requests for 


handling of material is 
more mem- 
bers usually fail to complete their as- 
signments. It is desirable that in the 
future all questionnaires and requests 
originate at a central source and the 
results then be sent to committee mem- 
bers for their review, comments, and 
recommendations. 

A model voluntary certification plan 
Only 
have 


has been included in the report. 
five committee 


forwarded 


members of the 
and 
to the chairman. 


reviewed. it comments 
It is important that 
a model plan be approved and publi- 
cized, but this should be done only 
after a thorough review by the Board 
of Control. 

This committee is now represented 
on the Joint Committee on Water and 
Sewage Works Operators Certification. 
The outcome of a joint meeting may 
affect future 
therefore, 
this 


work of the committee; 
recommendations made. at 
limited to which 
should have immediate consideration. 

It is recommended that the Board of 
Control: 


time are items 


lL. Approve a mudel plan for volun- 


tary certifeation such as is included, 
in this re 


ort and authorize its use in 
the promotion of certification and in 


efforts to have other plans amended 


to obtain greater uniformity. 


) 


2. Endorse mandatory certification 


as the goal for all states. 
work 
Personnel Ad- 


promote 


3. Assign a staff assistant to 


with the Committee on 


vancement and to operator 


certification and improved training 


programs in the states, 
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APPENDIX I 
STATUS OF CERTIFICATION 


of 
Certificea- Current Activities and Remarks 
tion 


4 
3 


Alabama Voluntar Certified and administered by Alabama Water and Sewage Assn.* 
4 through examining board. Certificate grades: A & B in primary treat- 
; ment, A & B in secondary treatment. Plan includes examinations 
Similar plan for water, but separate examining board, 


th or | ry | Certified and administered by Arizona Sewage and Water Works 
Assn.* through a certification committee, Plan uses plant classifica- 
y tion. Certuficate grades: A, B,C, & D. Plan includes examinations 


and covers water plants too 


k inte Certified and administered by Arkansas Water and Sewage License 
3 Board, Certified operators must be in good standing of Arkansas 
Water and Sewage Conference.* Certificate grades: A. B. & C 


Certified and administered by California Sewage and Industrial 

Wastes Assn.* Certificate grades: IA, I, Il, & III Plan in ludes 

4 examinations. Plan successful but Assn. is seeking legislation requir- 
ing compulsory certification 


Certified and administered by the state health department Not yet 
in full operation 


Operates under plan administered by New England Water Pollution 
; ‘ Control Assn.* See New England. Connecticut also approves quali- 
eae fications of responsible superintendents as required by utute 
Delaware Voluntar Joint program with Maryland. Certified and administered by 
Maryland-Delaware Water & Sewage Assn.* Cl; ation for plants 
and operators in grades A, B,C, D, & I aminations in all but 
; lowest two grades, Plan not yet in operation 


/ f | ? Operators meet federal civil service requirements The District al 
olut participates in the Maryland-Delaware Assn. plan 


Voluntary Plan is sponse and generally administered by 
and Sewage Works Operators Assn..* but operation is through 
A board of health Plants have not been graded. Certificate grades 
Rf A. B, & C. Plan is successful, but operators association has voted 
: inanimously for mandatory certification. Bill for state legislatu 
now being pr “d. Plan covers water too. Experience in ei 
water or sewage work is counted 


re 4 ol Certified and administered by Georgia Wa and Sewage Assn.* 
: Certificate grades: A, B, and C. Plan includes examinations and 
4 ( ers water too 


No certification plan. 


Certified and administered by state sanitary water board Plants 
grouped A through E; certification grades, I through V. Plan ineludes 
eXaminations in all but the lowest grade. 


Certified and administ i by Indiana Sewage and Industrial Wastes 
Assn.* with aid from state health department Plants and of 
certificates graded A, B,C, & Examinations for all but | 
grade 


Certified and administered by Iowa Water Pollution Control Assn.* 
Plants classified in 4 groups. Certificate grades: I, IT, IIL, IV. Ex- 
aminations in all but the lowest grade rhe certification program has 
been effective, but mandatory certification is being sought 


Kansas 1a5t ‘ : Certified and administered by Kansas Water Pollution Control Assn.* 


Plants classified in 3 groups. Certificate grades: A, B. & 
covers water too 


Kentucky No certification plan 


Louisiana Volunts Certified and administered by Louisiana Conference on Water Supply 
and Sewerage.* Plan covers water too, 


Maine Volunts A member of the New England certification plan See New England 


Maryland Voluntary Joint program with Delaware. Certified and administered by 
Maryland-Delaware Water and Sewage Assn.* Classification for 
plants and operators in grades A, B, C, D, & I Examinations 
required in all but lowest grades. 


Member Association of the Federation 


4 
State Progran 
Initiated 
\ 
ay 
4 Hawaii 
Idaho 
Indiana Voluntary 
> lowa Voluntary 
j 
| 
| ( Plan 
q 
Mective 
158 
4 
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of 
Certifica- Currént Activi 
tion 


Program 
Initiated 


Massachusetts 1957 Voluntary A member of the New England certification plan ee New England 
Effective 
n 1958 
Michigan 1949 Mandatory Administered and operated by the state health department Plant 
and certification classification in grades A & D. Examinations 
included in the plan \ yoluntary pr am was started in 1954 
Minnesota Hunts -rtified and administered by examining committee appointed by the 
tate health department Certificate grade 


Mississippi » certification plan 


Missouri ‘ itar Certified and administered by Missouri Water Pollution ¢ 
Certificate grades: A, B, C, & D Plan covers water te 


Montana No certification plan 
Nebraska No certification plan 
Nevada No certification plan 


New England intar Plan covers Connecticut, Main Massacl New Hamps} 
ode Island, and Vermont. Certified d administered by New 
ngland Water Pollution Control Assn.*  P re classified in 7 
Certificate grades throug! minations for the 


igher grades 


Hampshire ol \ member of the New England cer 


Jersey ) Certified and administered by the state 
plants in 5 major groups and operators 
ations in all but the lowest class 


Certified and administered by New Mexico Water and Sewage Works 
Assn. through an examining board Operate 
& Examinations in all grades l 


rs classified in grades 


Mandatory Certified and administered by at It lepartment Classifi 


plants a operators to mateh Certification grades: IA, IB 


lesignation attached to ine 


nd 
IIB, TILA, & ILIB, with letter 


perator, alternate operator, or shift ope Xarmination inel 


North Carolina 5 Certified and administered by North Carolina Water Pollution Ce 
Assn.* Examinations included 


North Dakota ‘ ary | Certified and administered by committee of Dakota Water and Sewage 
Works Conference* through the state health department Plant classi 

f on and corresponding certificate grades: I, I], & III Operators 

! two grades must pass courses of instruction Plan covers 


Ohio 1937 Mandator Administered and certified by the state health department thr 
Amended advisory board Plants classed in three groups. Operators certif 
1947 and 1958 n classes A, B, & (¢ Examination for all classes. Plan 


water too 


Oklahoma 1G49 ‘ Certified and administered by the state health department and Okla 
homa Water, Sewage and Industrial Wastes Assn.* Certificate grades 
1B &C Program, although effective, is in the process of becoming 

iandatory, by legislative act Plan covers water too 


Oregon Administered and certified by the Oregon group of Pacifie Northwest 
Pollution Control Assn.* Plants and certification in 5 coordinated 
groupings Examinations included for all 


Pennsylvania Voluntary dministered and certified by Pennsylvani *r Pollution Control 
Assn.* Plants placed in 5 groups and certificates specify plant type 
and capacity Examinations included in 1958 The state health de 
partment is sponsoring a law for compulsory certification 


Rhode Island 1W57 luntary \ Member of the New England certification plan See New England 
Effective 
in 1958 


South Carolin: 1949 hu Certified and administered 1 
Works Assn.* Four grades of certificates 
D, then ¢ “te Examinations «are 


South Dakota ( ‘ Certified and administered by committee of South Dakota Water 
Pollution Control Assn.* Classified A, B, & ¢ with examinations 


for eact 


* Member Association of the Federation 


6 
State ties and Remarks 4 
3 
4 
4 
. 
ing 
Effective 
n 1958 
New ealth department Classi fies 
n classes I through V. Ex 
New Mexico 1958 Voluntary 
New York 1937 
ILA 
an 
ers 
na Wate r and Sewage 
D, C, B, & A. Must 
required Plan covers 
ae 
4,07 
; 
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Type of 
Certifica- 


tion 
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-~Continued. 


Current Activities and Remarks 


Pennesset 105 Voluntary | Certified and administered by the state health department Plants 
in 5 groupings, 4 grades of certification. Examinations required 


Separate water plan administered by same agency. 


lexas WO Mandatory Certified and administered by the state health department. Certifi- 
cates in grades A, B, & ¢ Attendance at training courses and exami- 


nations required, Plan covers water too. 


No certification plan. 


Voluntary | Member 


\ nia au Voluntary Administered by Virginia Industrial Wastes and Sewage Works 


of Pacific 
in 5 groups 


ekLaminations 


of the New England 


West Virginia Water 


certification plan See New England 


ators certified in classes A, B, C, & D Examinations 
all but class D. Plan covers water too AWWA section 


Certified and administered by certification board of Washington group 
Northwest Pollution Control Assn.* Plants classified 


Certification grades: I through \ Written and oral 


Pollution Control Assn.* has a committee worging 


on @ program 


veloped by Wisconsin Conference of Sewerage Works Oper- 


ators, Certified and administered by certiheation commiuttee ap- 


pointed by se 


veral agencies in 4 groups. Certificate grades: A, B, ( 


& examinations re juired for all grades 


No 


rtification plan. 


APPENDIX II 


MODEL VOLUNTARY CERTIFICATION PROGRAM 
FOR WASTEWATER TREATMENT WORKS 


PERSONNEL 


1. Introduction 


A certification plan acceptable to all 
states could not be developed at this 
time because of varying attitudes to- 
ward certification, existing programs, 
differences in operator traming and 
unity, differences in strength and abil- 
ity of state health departments which 
must be relied on to check operator 
performance and ability, and variation 
in sizes and numbers of urban com- 
munities. 

The plan given below is suggested 
as a guide. It includes items which 
make it possible for either a member 
association or state agency to adapt it 
to their needs. 

The objectives of a plan are slightly 
different from the viewpoints of the 


sponsoring agency and those of the 
operator. The agency is most inter- 
ested in improving stream quality and 
plant performance, while most oper- 
ators are primarily interested in im- 
proving their position, salary, and com- 
munity standing. To attract voluntary 
participation, the plan must list objec- 
tives meaningful to the operator. To 
secure the backing of regulatory and 
industrial officials, objectives aimed to 
benefit their organizations should also 
be included. 

The Board of Certification will vary 
considerably from state to state. Never- 
theless, it would do most of the work 
required to operate the plan. Where 
a strong state agency is to administer 
the plan, the board would probably act 
only in an advisory capacity and its 
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membership could be reduced. To be 
respected by the operators, the board 
must include some operating personnel. 
But for the plan to be fully accepted 
and respected by others, such as mu- 
nicipal and public health officials, ad- 
ditional trained and competent person- 
nel must be included. 

The items listed under subheadings 
such as application, examination, fees, 
and issuance of certificates could be 
worded more accurately when it Is 
known who will sponsor the plan and 
which group or agency would be re- 
sponsible for work incidental to issu- 
ing certificates. 

Where the plan is to be operated by 
a state agency, the fees may be elimi- 
nated. Where the operators must sup- 
port the plan, the fees suggested are 
near the minimum, if publicity, mail- 
ings, rosters, certificates, and other 
clerical functions are to be adequate. 

A classification of treatment plants 
is valuable because it offers the op- 
portunity of matching plants to clas- 
sified operators. Of course, no group- 
ing would satisfy every state, but if 
all adopted a similar scale, it would 
make possible a better comparison of 
operators in all states. 

Operator qualifications and classifi- 
cations naturally fall in line with the 
degree of education, training, experi- 
ence, ability, and initiative a man pos- 
sesses or acquires. Examinations are 
essential in most cases, but there should 
be a classification with no examination 
required for competent small-plant op- 
erators who have a limited education. 

No specific suggestions are made on 
the type of examination needed other 
than that it should be in several parts 
so that a man can be examined on 
his strong points as well as his weak 
ones. It is suggested that certificates 
state the type of plant the holder is 
qualified to operate. This, however, 
should not prevent the operator from 
extending his certificate to cover addi- 
tional types of treatment plants through 
study and field visits 
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2. Objective 


This program for the certification of. 
treatment works operators is sponsorea 
by the 
employment of competent personnel, 


to promote the 
to provide a means for giving recogni- 
tion to worthy operators, and to en 
courage operating personnel to seek 
higher levels of proficiency. 

The immediate objectives of the plan 
are to: 


a) Improve the quality of waste 
water treatment works operation and 
thereby assure the best protection of 
our water resources and the maxi- 
mum care of the owners’ investment. 

bh) Provide a means for recogniz- 
ing deserving personnel and there- 
by stimulate a desire for self-im- 
provement. 

Cc Provide a means whereby 
those responsible for employment of 
treatment works operators can de- 
termine the qualifications of such 
personnel, 

d limprove the status and em- 
ployment stability of the qualified 
operator. 

e) Promote the employment of 
trained, experienced, reliable 
personnel, 

f) Help create or improve the 
confidence and respect of the public 
and employer in the competency of 
treatment plant employees. 


3. Policies 


1. This is a voluntary plan for op- 
erators of sewage and industrial waste 
treatment plants in the state(s) of 


vanization or in any other organiza- 
tion or association is not necessary for 
an operator to receive certification, pro- 
vided he meets the requirements set 
forth hereinafter. 

3. This program is intended for 
those in responsible charge of waste- 
water treatment plants or those ac- 


|. 
: 
| 
org 
2. Membership in the sponsoring or- 
: 
; 


REPORT OF 


tively engaged in their operation. All 
operators are encouraged to apply for 
certification in the grade consistent 
with their qualifications, and to appiy 
for higher grades of certification as 
their qualifications lnerease. 

t. Classification of operators will be 
according to their edueation, experi- 
ence, training, performance, and type 


f plant they operate 

Competenes of operators will be 
attested by the issuance of appropriate 
certificate or card 

6. A register of certified operators 
will be published periodically and 
made available to municipal and = in- 
dustrial officials 
7. Before a certificate is revoked for 
any reason, the operator affected shall 
have the right to request and receive 


a hearing before the Certification 


4. Definitions 


1 A sewage or waste treatment 
works is the facility, or group of units, 
provided for the treatment of sewage 
or industrial wastes and for the redue- 
tion and handiing of sludge 

2. Operator means (a@) any person 
who has the responsibility for the 
operation of treatment facilities and 
directs the daily activities of other 
personnel, or (b) those persons who 
perform important operating fune- 
tions. The term does not apply to one 
exercising only general administrative 
upervision such as a city engineer, 
publie works superintendent, or indus- 
trial plant engineer. It also does not 
include those helpers who manipulate 
a few pieces of equipment as directed, 
but know nothing of the plant process. 

3. Board means the Certification 
Board hereinafter described. 

$. Certificate means the certificate 
or card issued to the operator attesting 
his ability and qualifications. 


5. Board of Certification 


1. The Board shall administer the 
certification plan and shall be respon- 
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sible for doing or having done all, of 
the work necessary to promote the 
plan, certify operators, and maintain 
records. It shall also make such rules 
and regulations, consistent with the 
plan, needed in performing its duty 
and shall recommend to the Associa- 
tion (state or other ageney) changes 
that may from time to time be neces- 
sary. 
”. The Board shall consist of 

members as follows: 


a) Three currently employed waste 
treatment plant operators who 
shall, subsequent to initial ap- 
pointment, become certified. 
When more than one state is 
covered by the plan, the number 
may be increased with some al- 
located to each state. 

4) One member from the state 
agency responsible for super- 
Vising treatment plant opera- 
tion. Where more than one 
state is involved, each should be 
represented. 

c) One member of the engineering 
faculty of a university or col- 
lege in the state which cooper- 
ates in training programs. This 
position may be rotated among 
several schools if desirable. 

d) One representative from the 
municipal league, association of 
state cities, or other organiza- 
tion interested in civic govern- 
ments. Where such organiza- 
tions are weak, consulting 
engineer can be used. 


3. All Board members shall be ap- 
pointed by the president of the agency 
sponsoring the plan with the advice 
and approval of his executive com- 
mittee. If a state health department 
is sponsor, the state sanitary engineer 
may make appointments, or he may 
inake some, and an association rep- 
resenting operators may make the re- 
mainder. 

4. Initial terms of all members shall 
be for two years (or more) so that the 
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group may complete the task of putting 
the program into operation and issuing 
the first Following this, 
appointments will be staggered, so that 
some new members are appointed each 
year. 


certificates. 


Members may be reappointed. 
5. Appointment of Board members 
shall be made so that terms of service 
can start January 1 (or some other de- 
fined date established by dates of an- 
nual meetings, fiscal years, ete. 

6. The Board will provide for its or- 
ganization (officers, ete.) and for the 
operation of the certification plan. In 
general, its duties will be: 


a) Advertise and the 
plan. 
Adopt rules and regulations 


the 


promote 


necessary to 
plan. 
Distribute 
notices. 


Carry out 


applications and 
Receive and evaluate applica- 
tions. 

Collect fees. 

Prepare, conduct, and grade 
examinations. 

Establish each applicant’s 
status and distribute certifi- 
cates. 
Keep 
qualifications and certification 
rating. 


records of operator ’s 


7. The Board may request appoint- 
ment of 
assist it in carrying out its work 


subcommittees to 
Nec- 
made by 
the persons who make Board appoint- 
ments. 

8. The Board shall submit a written 
annual report of its activities to the 
Association (or department 
ing the plan. 


temporary 


essary appointments will be 


sponsor- 


6. Application 


1. Application forms for certifica- 
tion will be provided and distributed 
by the Board (pollution control agency, 
Member 


Association, or all Com- 


January 1961 


pleted forms and supporting informa- 
tion together with the required fee will 
be returned to the Board's secretary. 
No action will be taken on any applica- 
tion until all required information is 
provided. 

2. Applications will be reviewed by 
the Board to determine whether they 
Each will then be 
notified in writing of his status and of 
any later steps to be taken to obtain 


meet requirements. 


a certifieate. 

4. All applications will be filed and 
additional data will be added as the ap- 
plicant seeks a higher rating or one 


with a broader plant designation. 


7. Examination 


1. The Board shall prepare examina- 
tions to be used in determining knowl- 
edge, ability, and judgment of the op 
erators. 

2. Examinations will be held at times 
and places determined by the Board. 
The time and place will be announced 
by bulletin, letter, or 
other methods as the Board may con- 


eard, and by 
sider necessary. 

3. All examinations will be graded, 
and each applicant notified of the out- 
come. No papers will be returned to 
the applicant, but means will be sought 
to review the results with a member of 
the respective pollution control ageney 
or health department. 

4. Examinations will be arranged 
and conducted so that the operator will 
be questioned in the field of treatment 
familiar to 
rate 


him. For example, sepa- 

will be provided 
to cover primary treatment, trickling 
filters, activated sludge, ete. 


examinations 


5. Applicants who fail to pass an 


examination or who do not obtain a 
grade sufficient for the certificate they 
desire may file, at times set by the 
Board, for reexamination. 

6. The Board may at its discretion 
Waive examinations for applicants hold- 
ing licenses 


certificates or issued by 
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other states having equivalent stand- 
ards as determined by the Certification 
Board. 


8. Fees 


1. Fees for certification shall be as 
follows: 


Initial certification with ex- 


$ 3.00 
Initial certification without 

GESMINSTION 1.00 
Reexamination for either a 

new certificate or to make 

up for failure to pass ex- 


Renewal of certification if 
applied for within the pe- 
riod designated ........ 1.00 
Reinstatement of certificates, 
under any circumstances. 1.00 


2. Fees from applicants who are re- 


jected will be returned. Fees from 
those failing to pass an examination 
will not be returned. 

3. All fees will be deposited in a 
special fund to be used by the Associa- 
tion solely to defray the expense of 
conducting this program. The fee 
schedule may be revised, providing ap- 
proval of the executive committee of 
the Association is obtained, to make the 
program self-sustaining. 


9. Issuances of Certificates 


1. Upon satisfactory fulfillment of 
the requirements provided herein, the 
Board shall issue a suitable certificate 
to the applicant designating his com- 
petency. This certificate will designate 
the type of plant for which the oper- 
ator is qualified. 

2. Provisional certificates may be is- 
sued to applicants meeting all of the 
requirements except experience, 

3. Certificates shall continue in ef- 
fect for two vears unless revoked dur- 
ing that period or unless replaced by 
one of higher grade. Certificates will 
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be renewed in the same grade upon 
written request accompanied by re- 
newal fee. 

4. Certified operators wishing cer- 
tification in higher grades must satis- 
factorily complete the requirements be- 
fore a new certificate will be issued. 
Such certificate will be subject only 
to the fee for renewal. 

5. Certificates shall be valid only so 
long as the recipient uses reasonable 
care, Judgment, and application of his 
knowledge in the performance of his 
duties as an operator. No certificate 
will be valid if obtained through fraud 
or deceit. 

6. Certified operators terminating 
employment at a waste treatment plant 
may renew their certificate for a two- 
year period following the expiration 
of the certificate held at the time of 
termination. 

7. Certificates issued by other states 
having equivalent standards shall be 
recognized until the operator has time 
to demonstrate his ability. If he is 
then approved for certification without 
examination, such certificate will be 
issued on the basis of ordinary re- 
newal. 


10. Classification of Treatment 
Works 


Treatment plants shall be grouped 
into categories based on type of treat- 
ment, complexity of design, and design 
population, with the intent that the 
grade of supervising operator will cor- 
respond to the group number of his 
plant. 

Initial groupings are designated be- 
low, but it shall be the duty of the 
Board to revise these from time to time 
and to determine the category of any 
unusual plant not defined. 


10.1 Group I 


1. All plants designed for a popula- 
tion greater than 40,000. 
2. Plants designed for a population 


4 
| 


of 15,000 or more and employing the 
activated sludge process. 

3. Plants designed for a population 
of 20,000 or more and employing (a 
biological oxidation other than acti 
vated sludge or stabilization ponds, or 

separate sedimentation with 
heated digesters. 

4. Plants designed for a population 
of 30,000 or more and employing st pa 
rate sedimentation and unheated slude 
digestion, chemical precipitation, or 
other mechanical or intricate proéesses 


10.2 Group II 


Plants designed for populations 
between 20,000 and 40,000 not in 
eluded in Group I. 

2. Plants designed for populations 
between 3,000 and 15.000 and employ 
ing the activated sludge process 

3. Plants designed for populations 
between 4,000 and 20,000 and employ 
ing (a) biologieal oxidation other than 
activated sludge or stabilization ponds, 
or (b) separate sedimentation with 
heated digesters. 

+. Plants designed for a population 
of 8,000 to 30.000 and employing sepa 
rate sedimentation and unheated slude« 
digestion, chemical precipitation, or 


other mechanieal or intricate processes 


10.3 Group III 


1. Plants designed for a population 
between 8,000 and 20,000 not included 
in Group I. 

2. Plants designed for populations 
less than 3,000 and using the activated 
sludge process. 

3. Plants designed for populations 
between 2,000 and 4,000 and employ 
ing (a) biological oxidation other than 
activated sludge or stabilization ponds, 
or (b) separate sedimentation with 
heated digesters. 

4. Plants designed for a population 
of 3,500 to 8,000 and employing sepa 
rate sedimentation and unheated sludge 
digestion, chemical precipitation, or 
other mechanical or intricate processes 
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10.4 Group IV 


1. Plants designed for a population 
between 4,000 and 8,000 not ineluded 
in Group ITT, 

2. Plants designed for populations 
less than 2,000 and en ploving (a) bio 
logical oxidation other than activated 


h 


sludge or stabilization ponds, or 
separate sedimentation with heated 
digesters 

3. Plants designed for a population 
between 1,000 and 3.500 and employ 
ing separate sedimentation and un 
heated sludge digestion. chemical] pre 
Cipitation, or other mechanieal or in 
tricate processes. 

+, Plants using primary sedimenta 


tion followed by stabilization ponds 


10.5 Group V 


1. All other plants servine popula 
| Po} 

tions greater than 300, exelusive of 

septic tanks, and not desienated in 


other groups. 


11. Operator Qualifications and 
Classifications 


Five classes of Operators are estab 
lished whose minimuy qualifications as 
listed are intended to parallel the previ 
ously deseribed classification of plants. 
Operators in lesser positions will nor 
mally be classified in lower erades than 
the superintendent or chief operator, 
but there is no restriction against their 
holding an equivalent classifieation, 

An applicant shall give evidence of 
vood moral character, dependability, 
initiative, and interest in his work. 


11.1 Grade I Operator 


l. Education: Two vears of college 
or university work in engineering or 
equivalent, 

2. Experience: Five years of ae 
ceptable operation of a sewage or waste 
treatment works, three years of which 
must represent time responsible 


charge or equivalent 


3 
4 
a: 
4 
t: 
4 
4 
eal 
4 
q 


Vol. 33, No. 1 


Ne rvice 


Rating: Ability to keep 
and interpret Operation, inventory, and 
maintenance records; knowledge of 
practical treatment works maintenance 
and technique and interpretation of 
laboratory tests; a passing grade in all 
parts of the examination; and evidence 


of civic and professional activity. 


11.2 Grade II Operator 


1. Education: Four years of high 
school or equivalent. 
2. Experience: Three years of ae- 


ceptable operation of a treatment works, 
thereof, 
represent 


or major one 


which 


part year of 


must time in a re- 
sponsible position or equivalent. 

Rating: Ability to keep 
and interpret operation, inventory, and 


maintenance records: knowledge of 
practical treatment works maintenance 
and 


technique and interpretation of 


laboratory tests; and a passing grade 


in all parts of the examination. 


11.3 Grade III Operator 


1. Education: Two 
school or equivalent. 
2 Three 


neces: 
ceptable operation of a sewage treat- 


years of high 


years of 
ment works, or part thereof, or equiva- 
lent 

3. Service Rating: Ability to keep 
and interpret operation, inventory, and 
knowledge of 
works 


maintenance records; 


practical treatment operation 


and maintenance and technique and 
and 


a passing grade in all parts of the ex- 


interpretation of laboratory tests; 


amination. 


11.4 Grade IV Operator 


1. Education: 
equivalent. 


2. E r pe rience 


Grammar school or 
One year of accept- 
able operation of a sewage treatment 
works or part thereof. 

3. Service Rating: Ability to keep 
operation records ; 
tical 
maintenance ; 


knowledge of prac- 
treatment works operation and 
and ability to perform 
and interpret simple control tests. 
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11.5 Grade V Operator 


1. Experience: One year of satisfae- 
tory operation of a sewage treatment 
works or part thereof. 

2. Service Rating: A knowledge of 
the function of the plant being op- 


erated. 


12. Equivalent Education 


1. One year in responsible charge, or 
two years’ experience in an important 
phase of operation other than respon- 
sible charge will be considered equiva- 
lent to one year of college or two years 
of high school. 

2. Satisfactory completion of recog- 
nized courses of study in the field of 
sewage treatment, such as correspond- 
will be 
equivalent to a maximum of six months 
of college or one year of high school. 

3. An operator who can read simple 
technical material, write legibly, and 
perform arithmetical calculations nee- 


ence courses or short courses, 


essary to keep satisfactory operation 
records will be credited with the equiv- 
alent of a grammar school education. 
4. Experience credited as an equiva- 
lent of education may not be applied 
to the qualification of 
nor may 


‘experience, 
credited as an 
equivalent of experience be applied to 
the qualification of **edueation.”’ 

+. Where applicable, education may 
be substituted for experience on the 
basis of two years of high school or one 


education 


year of college for one year’s experi- 
ence, except that a Grade I certificate 
operator must have a minimum of 
three vears’ experience (two years’ re- 
for Grades IT and 
111, a minimum of two years’ experi- 
ence, and for Grades IV and V, a mini- 
mum of one year’s experience. 


sponsible charge), 


13. Experience 


1. Responsible charge generally 
means to be in a position as plant su- 
perintendent or assistant superintend- 
ent. At large plants where responsi- 
bilities are divided, supervisors of im- 


» 
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portant divisions may be credited as 
having responsible charge. 

2. Acceptable includes 
only work involved in operating treat- 
ment units. Reports 
health department and water pollution 
control 


Operation 


made by state 


engineers or agents of the 
Board will be used as a basis for de 
termining whether or not operation is 
satisfactory. 

3. Partial credit may be given for 
maintenance, 


allied 


operating experience in 


laboratory work, or work in 


January 1961 


trades such as water plant operation 
or plumbing. 


14. Service 


This is a measure of the ap licant’s 


knowledge, ability above hormal opera- 
interest in work 
Included 
Also in- 
of operational re- 
ports submitted to the State ageney re- 
sponsible for treatment 


standards, and 
outside activities. 
the results of 


cluded is a 


tion 
and are 
eXaminations. 
review 
plant super- 
Vision, 
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APPENDIX III 
STATUS OF OPERATOR TRAINING 


Is Program Tied 


State Program Who Gives Program Participation in with Water 
Program? 
Alabama -day annual course Univ. of Alabama, Auburn |) 30 to 40 Joint school, but 
covers all grades Univ., and state health separate sessions 
department Also given, l-day 
regional meetings 
where groups are 
combined 
\laska No inf 4 n 
Arizona Extension courses Univ. of Arizona 
Arkansas General conference Arkansas Water and Yes 
meetings, 2 annually sewage Conf 
Cahfornia l-day surse with con California Sewage and 200 attendance for No 
rrent sessions on sewer Industrial Wastes Assn all courses 
an i and plant 
eration; other courses 
ent 4 tions 
( ud Ant day s Univ. of Colorado in co Yes, beginners and 
course: separate ups yperation with Colorado advanced groups 
f eginners, intermed | and Wyoming health de en ned ; inte 
ites, and advanced groups | partments and Rocky mediate separate 
| Movntain Sewage and 
Industrial Wastes Asen a 
Connecticut Annual! 5-day short course | Short course by Univ. of 30-40 at Univ. of No 
with New England Massachusetts, Il-day Massachusetts; 100 
groups; | ral course by state health annually at state 
. eld in state department meeting 
Delaware | la n al course with | of Maryland and 60-90 attendance Yes, two basic 
beginners and intermed | ware in cooperation in all groups ther 
ite g s | state health de; t vediate and 
nents advanced separate 
I iu »-day s schoo \ Florida Water and Sewage 200-300 at annual Yes 
ar Bg s: 5d ict Works Operators Assn school: about LOO at 
s vols held er the state health dey t each district school 
sta C level, 3 days | general extension div 
eu als rrespond Univ. of Florida, Flor 
ence | Sewage and Industrial 
| Wastes Assn 
Georgia Annual 5-day short course Georgia Water and Sew- 400. 500 includes 
separate oups for be | Assn., state health and 
ginners and advanced lepartment, Georgia Inst arate sessions 
} of Tech 
‘ 
Hawa N f ation 
Ida No inf ation 
Illinois Iwo 5-day courses per } Univ. of Ilinois and [hi Each course limited, No 
year; one each for be } nos Sanitary Water 0 
nners and advanced | Board 
Indiana 2-day short course given | Indiana Sewage and In- 20 50 annually No 
fe groups at different | dustrial Wastes Assn 
times state health department 
Purdue Univ., Univ. of 
Indiana 
Iowa se in advanced | lowa State Univ., lowa 80-40 in basic No 
nd 3-day course | Water Pollution Control courses; about 30 in 
tory training Assn., state health depart advanced and 
basic training ment, and Univ. of lowa laboratory 
surses, 3 hr wk for 
wk; correspondence 
courses also | 
Kansas Annual short course State health department About 125 Yes, course has con- 
C.S. course approved and Univ. of Kansas current sessions 
for those desiring corre 
spondence schooling | 
Kentucky Annual 5-day basic course | Kentucky Pollution Con- No 
in plant operation trol Commission, state 
health department, Univ 
of Kentucky 
Louisiana Annual short course Louisiana State Univ About 170 
Maine Annual 5-day course with | Univ. of Massachusetts | No 
New England group | 


| 
| 
i 
| 
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APPENDIX III 


Maryland annu 
beginners 


and advan 


Massachusetts Annual 5-day 
New England g 
day f | 


versonne 


Michigan 


Minnesota No info 
Mississippi Annual 


Missouri 


Montana 


Nebraska 
Nevada 


New Hampshire 


New Jersey 


courses 


New Mexico Annual 3-da mur ew f » Stat i 100-150 ¢ 


ittendance 


New York Annual s!} 
Grade II 
in va 
state 
given 


engines 


North Carolina Annual 


North Dakota Annual sh¢ 


Ohio Annual 4 


course 


Oklahoma 


Oregon 
courses for 


advanced 


16 
tinned. 
i. Is Program Tied 
3 State Progra Who Gives Prograr Part ation n with Water 
Program? 
ntermediate Delaware in cooperation together, advanced 
nts 
rse with Univ. of Massachusetts Ni 
mp; 2 ind state health depart 
— 1 1960 
tarted regional meetings 
started regional n 
l-day for 12-15 wk 
Annual training eetings State healt iepartment ver 100 in anr Ne 
“a at 4 locations; extension M gan Sewage and In meetings; extensior ty 
~ ae course in 10 locations justrial Wastes Assn courses just started 
- a 2-3-hr wk f 12-15 wk ind Un f Michigan x 
specialized in-service 
matior 
Ng — Annual short course, re Missouri Water Pollutiot Yes, special s 3 
- a. gional training at quar Bd., U1 of Missour ilternates one az 
terly meetings: bas ind state ealt lepartment ‘ se wate ne 
advanced irses; als ind Missouri Water and sewage 
special 5-day s vol in Sewage Conference 
basic operation and 
maintenance 
Annual! short course Miontana State College About 50 
ind state health depart 
ent 3 
No training grat 
No training gral 
5-day annual short course Un f Massachusetts Ni 
with New England g 
t-wk elementary cours State health department, | About 50 at short 
ae t-wk advanced course Rutgers Un Camden courses ‘ t ses 
l-wk laboratory rse at County Vocational Schoo 
tees separate times; extension und New Jersey Water 
a and correspondence Pollution Control Assn ; 
state health department ind separate 
ned H 
aoe and New Mexico Water ses ns 
Sewage Works Assn 
3 
FF rt courses Office of Profession About 110 N ‘ 
apd 0-da rses ning in operatior 
ests ected eges with state healt lepart ; 
ections of ment and selected ur 
le IIT courses ersities 
egiona 
5-day short North Carolina Water No 
a>, course; extension courses Pollution Control Assn i 
eover night sessions State healt lepartment 
2-hr. wk f 17 wk Duke Ur Un f 
North Carolina, and Nort 
Ca na State Un 
State health department 10-40 Yes 
short State health department 120-130 Yes 
elemental nte State Un Or 
mediate, and advanced Water Pollution Contro 
Sessions Cont ¢ 
= a Annual 5-day short State health department, | 200-250 Yes, a few combined 
course: 18 la Oklahe 1 Water, Sew 
meetings f nd Industria 
Wastes Assn., and Okla 
beginners and Oregon State Un and 
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APPENDIX III—C ontinued. 


Is Program Tied 
ate Progratr Who Gives Program Participation in with Water 
Program? 


Pennsylvania Short course with sepa Pennsylvania State Univ 130-190 total No 
e sessions for various state health department 
grades; western Operators and Pennsylvania Water 
section started corre Pollution Control Assn 
spondence school throug! 


Rhode Island Annual 5-day course wit! Univ. of Massachusetts No 
England gr 


South Carolina day annual course witl Ciemson College, South wo Yes 
separate sessions for A Carolina Water and Sew- 
KB, & C class operators age Works Assn., and 
co ie cour state health department 


So Dakota Annual 3-day short course State health department 30-50 at short Yes 
and several l-day courses South Dakota W » 
Pollution Control Assn 
South Dakota State Col 
le & School of Mines 


course 


Tennessee Annual short course, cor State health department About 75 attend No 


short « 


ourse 


State health department About 2.600 attend Yes, annual meet- 


conjunct annual Texas Water and Sewage — all courses annually ing divided into 
eeting: extension course Works Assn., and Texas several groups 
or & M College for courses 


Utal 


ng wk ik S wk Con 


Water Pollution 37 attended first 
Assn., state year 


health department, and 
Univ. of Utal 


of Massachusetts No 


Virginia Polytechnic Inst 75-100 Yes, but only basic 
with bas fiate state health department group combined 
and advanced groups state water control bd with water 


and Virginia Industrial 
Wastes and Sewage Works 
Assn 


healt! nt 


programs Univ. of Washington 
f seve asses of Washington State College 
sperators and pollution control 


West Virginia Univ. and 
state health department 


oO Wyoming and Colorad: Yes, beginners and 
ip for beginners health departments advanced groups 


and ad tocky Mountain Sewage combined ; inter- 
anced gr and Industrial Wastes separate 
4 Assn., and Univ. of 


Colorado 


IF YOUR 1961 DUES ARE 
SEE PAGE 21 


UNPAID 


1. B.C & D 
respondence courses pro- 
moted through IC 
Texas : 
wk 
sufficient persons are 
nterested 
Vermont Annual 5-day course with | iv. iil 
New England grou 
| 
Washington t > No 
Wisconsin No informatior 


EQUAL RESULTS 


THOUGHTS PLUS ACTIONS 


J. E. Meers 


It would seem that the meaning of 
the words *‘ public relations’’ should be 
crystal-clear to everyone, as the job of 
building a favorable public attitude. 

Public relations can be termed a 
combination of education, service, use- 
ful information, action and words, 
backed by deeds. Usually, it is any- 
thing that may be used to present a 
ease before the public in a manner to 
win its approval—a form of lobbying 
to obtain support for an organization. 
Public relations includes any form 
of communications’ —advertising, ex- 
hibits, or the spoken word 

Why, in this particular field, is a 
public relations program needed? Pri 
marily, it will get people to take a 
ereater interest in all Community sani 
tary facilities. A well informed and 
interested public will approve needed 
projects more readily than an unin- 
formed group. Operators will improve 
their standing in the community, if the 
people know why they have, or need, 
a sewage treatment plant and sewers; 
how and what they do; how they op 
erate; and what it takes to maintain 
them. 

Good public relations with the com- 
munity pays off in better understand- 
ing, and better prestige and support, 
when improvements are necessary. It 
has been proven that bond issues for 
any type of municipal work will be ap 
proved if there has been a good public 


J. E. Meers is Superintendent of the Sani 
tary District of Bloom Township, Chicago 
Heights, Til. This paper was presented at 
the 88rd Annual Meeting of the Water Pol 
lution Control Federation n Philadelphia, 
Pa., October 2-6, 1960, 


relations, educational, and promotional 
program. Good public relations be 
tween the operator and local adminis 
tration pays off in being able to get 
help when it is needed; it helps get 
sufficient funds to operate the plant 
and strengthens prestige with the com 
munity administration. 


Preparation of a Public Relations 
Program 


Usually the preparation of a public 
relations program and the type in 
formation the public wants depend on 
what the problems and needs may be 
at the time. Also, it could depend on 
the locality, and should be geared to 
the needs and resources at hand. It is 
well to remember the five *‘W’s”’ of 
Public Relations—what, who, when, 
where, and why! These are detailed as 
follows: 


1. What—covers the nature of a 
problem as seen through the eyes of 
those nearest to it, including faets and 
opinions with a bearing on the prob 
lem. 

2. Who—means the individuals for 
whom the work is done and the public 
to be influenced. 

3. When—involves historical back 
ground and timing—past, present, and 
future. 

$4, Where—brings out facts of loca 
tion and the community or communities 
affected. 

5. Why—ealls for reasons leading up 
to current problems. 


Certainly, the local situation will 
dictate the type of program needed. 
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The problems should be analyzed and 
the strategy, theme, and devices to be 
used should be formulated. In doing 
these things, timing, personnel, needs, 
and limitations should be considered. 
Attention should be given to defin- 
ing and understanding the public and 
the for The 
advisability of appointing a citizen's 
Alert- 


ness to new ideas, trends, changes, and 


best media reaching it. 


committee should be considered. 
opportunities IS necessary. 
Specific Program 


Brief 
sanitary district’s bond issues and the 


reference will be made to one 


importance of the public relations pro- 
gram in regard to them. 

It began in April 1952. The officials 
of the district presented a bond issue 
to the people in the amount ef $1,630,- 
OOO for improvements to the sewage 
treatment plant. Preparation for this 
election was a half-hearted attempt to 
publicize the issue; the officials 
ill-advised about the facts and 
The most common remarks made were, 
and 
them a 
The result was that the 
was defeated by a 
majority. 

At this time it 
planned public 
tional program 


were 


needs. 


‘*What do we get for our money? 
“We not 


blank cheek.”’ 


are going to write 


four to 


issue one 
was obvious that a 
educa- 
needed. 


and 
badly 


Kirst, an objective consisting of 


relations 

Was 
two 
phases was developed. The first phase 
was to rehabilitate the treatment plant 
physically, operationally, and mechani- 
cally ; the second phase was to get the 
facts and needs before the publie. It 
was felt desirable for the public to 
know there was a sanitary district and 
a treatment plant; also, what was being 
done and why. 


To elaborate, some of the events lead- 
ing up to the suecessful bond issue elee- 
tion will be outlined. 


Self-Evaluation 


The problems and needs for improve- 
ment were evaluated, including investi- 
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gation of new processes and equipment. 
A firm belief was founded that there 
was a definite need. 

To sell a project, there must be a 
good salesman. This is particularly 
important in this type project. 


Engineering Study and Survey 


The engineering study and survey 
provided advice and answered ques- 
tions as to needs, as well as cost esti- 
mates. These facts and figures became 


the backbone of the program. 


Formation of a Citizen’s Committee 


formed 
and was comprised of respected busi- 


A citizen’s committee was 
ness and professional men, represent- 
ing the three communities served. At 
the first organizational meeting the pur- 
pose and the need for such a committee 
were outlined. Briefly, it was their 
responsibility to study the conditions, 
facts and needs, and report to the pub- 
lic. Several meetings were held and 
every phase of sewage treatment was 
After weeks, the 
committee presented a brief, compre- 
hensive report outlining the needs and 
recommendations to the Board of 
Trustees. This report was published in 
the local newspapers a number of times. 


discussed. several 


Financing the Improvements 


It was necessary to determine how to 
pay for the improvements. Discussions 
were held on the subject of finaneing 
the improvements. The information 
obtained from the engineering study 
and survey enabled the committee and 
officials to decide on the amount needed. 
From these studies it was agreed to 
finance the project with general obliga- 
tion bonds in the amount of $1,750,000. 

A brief and easily understood bro- 
chure, outlining the costs, as well as a 
breakdown of costs for the individual 
was presented to the public. 


Campaign Before the Election 


Several meetings were held with the 
citizen’s committee to develop the best 
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method or media for 
problems and 
district. 

A speaker's group was formed to 
present all the information to the pub- 
lie. 
were used. 
were 


presenting the 


needs of the sanitary 


Several means of communications 
Speeches and appearances 
made before 
veterans’ clubs. 


civic, service, and 
Other means included: 
(@) newspaper coverage and advertise- 
(b) direct 


brochures to 


letters 
the 


mailings of 
the 
distribution of 
and d 


ments ; 
and 
community; 
able printed literature ; 


coverage, 


citizens of 
avail 


radio 


There was success in having local or 
ganizations, the 
Women Voters, the Manufacturers As 
Retail Merchants 
tion, and others, to publicly favor the 


such as League of 


sociation, Associa- 
bond issue. 

For financial 
the campaign, printing, mailing, ete 


conduet 


assistance to 


support was solicited from those who 


would benefit most. 
cooperative and the citizen's committee 


These sources were 


handled all the transactions to prevent 
the 


outside pressure on the officials of 
sanitary district. 

The committee obtained unobligated 
aid from local political groups. 

On the eve of the half- 
page advertisement was placed in the 
local 


election a 


newspaper, and on election day 
a telephone campaign to get the vote 
out was organized. Each polling place 
was visited during the day to assist and 
check the progress of the workers 

Overwhelming approval of the voters 
was obtained, by a majority of 6,178 to 
2.168 for the bond issue in the amount 
of $1,750,000, just 18 months after the 
for had 
decisively defeated. 


same issue less money heen 


Continuing Public Relations 
Any public relations 


hard work, but it can also be enjoyable. 


program is 


Some experiences are related here to 
their 
warding aspects. 


demonstrate interesting and re- 


A program in this sanitary district 
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has been in operation four years, in 
cooperation with one of the local high 
schools, for an in-training program for 
students. Each the high 


selects a student in his junior year and 


vear school 
he is employed on a part-time basis 
with the sanitary district, whereby he 
spends a half day in school and a half 
day the 
student 


working at 
plant. The 
year, with supervision, in the labora- 


seWwave 


treatment 
spends the first 


tory, and his second year, in operation 
The 
better 


and maintenance student must 
and 
meet other rigid standards set by the 
There 


is a great deal of pride in this program, 
whieh 


maintain a B or average 


school and the sanitary district. 


seeks to interest these young 
nen in sewage treatment and sanitary 
engineering, 

New operators in the area have been 
invited to use the facilities of the treat 
ment plant and laboratory, and a num- 
ber of operators have been trained to 
conduct routine analyses for plant con 
trol, 

Monthly 


the area have been conducted to diseuss 


meetings of operators in 
plant operation and maintenance prob 
lems, and to exchange ideas and equip 
These 
interest and are judged to be successful. 

An 


nance report is prepared listing the ae 


ment. meetings have created 


annual operation and mainte 


tivities of the sanitary district, a sum 
mary of operations and maintenance, 


expenses incurred, unit costs, and ree- 


ommendations for improvements. The 


purpose oft such reports S: a to 1n- 
form the Board of 
tivities of the district during the 


Trustees of the ae 
past 
vear; (b) to be a ready reference of 
operation and maintenance for plant 
the district’s 
and (d) to 
information 


personnel ; Cc to report 
astivities to the public; 
provide useful 


operators in the sewage treatment field. 


for other 
Other plant operators have used hob 
bies in their publie relations program. 
One Illinois operator has a greenhouse 
where he raises potted plants that are 
niade available to visitors to his plant. 
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Another has an annual sweet corn and 
club. And 


still another works with young people 


ham dinner for a service 
of his community, providing an area 
at his plant for a model airplane club. 

There the 
public to visit a treatment plant. High 
and university groups, 
and professional clubs 
invited to tour the plant. <A 
the 
Clean Streams 


ure various Ways to get 


school. college 
civie, service, 
nay be 
have local 


suggestion miay be to 


vovernment proclaim a ** 


Week,’’ and during this week have 
open house ut the sewave treatment 
facilities Those connected with sew- 


age treatment facilities should be proud 
of them should the 
people of the communities served to 


and encourave 


take pride in their investment. 


Summary 


Publie 
function which evaluates publie atten- 


relations is the management 


tion, identifies the policies and proee- 
dures of an individual or an organiza- 
with the field of 


tion interest, and ex- 


ecutes a program of action to earn 


public understanding and acceptance. 


The keystone of public relations is 
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1961 DUES 


Have you forgotten to pay your 1961 dues? 


the character and conduct of a person 
or organization. ‘*‘What people say 
behind your back is your standing in 
the community.”’ 

The outstanding mistake made by 
many organizations and institutions in 
all fields of endeavor is that they start 
telling their story only when the hand 
is outstretched for money and special 
favors. When they don’t need any- 
thing they bury themselves in their 
own affairs and let the world go by. 

By taking the attitude that informa- 
tion is being provided as a matter of 
public interest—by keeping the facts 
flowing when there is no special case to 
plead-—a foundation will be 
built against the day when support is 


strong 


needed for some special cause or pro- 
gram. 

Resistance is caused by fears and the 
tendency of people to procrastinate. 
Often it is only the spur of necessity 
which finally impels people to take any 
action. And every new idea has two 
strikes against it because of prejudice, 
negative thinking, and 
The real job for public rela- 
tions is to put positive thoughts and 
feelings in the place of negative ideas. 


resistance to 
change. 


If so it will be to your 


advantage to drop a check in the mail to your member association secre- 


tary today 
tion to the Federation office. 


Those names not received in the Federation office on a paid list by 
February 6 will not receive a JOURNAL after the January issue. 


Ile needs time to process the dues and forward the informa- 


If the 


dues are received after this date a number of clerical procedures will 


be necessary to reinstate the member. 


This is responsible for a delay in 


mailing several issues of the JOURNAL and is an added cost burden to 


the Federation. 


In order to assure yourself of uninterrupted service please make 


your payment to your secretary in plenty of time for him to notify us 


by February 6. 


Your secretary is listed on page 6a of this issue. 
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IMPROVEMENTS AND OPERATION AT 
BALTIMORE’S BACK RIVER SEWAGE WORKS 


C. E. Keefer 


The following discussion recounts 
the improvements that have been made 
and the operating results and the prob- 
lems encountered from 1948 to 1959, 
inclusive, at the Back River sewage 
treatment works, which the 
major portion of Baltimore City and 
a large part of Baltimore County. Dur 
ing this period the estimated number 
of persons served increased from 948,- 
000 to 1,302,000. To serve this addi- 
tional number of persons adequately, it 
Was necessary to spend over $7,000,000 
on new improvements. At the 
time, the annual cost of operating and 
maintaining the plant 
fixed costs increased from $424,454 to 
$964,026. 

Earlier papers (1 have de- 
scribed the plant and its operation. 
Other than to enumerate the 
units, a detailed 
plant will not be given 
when the average 
118.52 mgd, the 
facilities were in operation : 


serves 


same 


exclusive of 


treatment 
description of the 
As of 1947, 
flow was 


sewage 


following treatment 


1. Three mechanically cleaned 
screens (maximum capacity, 300 

med 

Three 


pacity, 300 med 


detritors (maximum ¢a- 
Five mechanically cleaned pri- 
mary settling tanks 
pacity, 125 med 
Five drum-type mechanically 
cleaned fine screens ; 

Thirty acres of trickling filters 
(depth, 8.5 ft) and two second- 
ary settling tanks; 


average Ca- 


CC... Re efe r is Sewerage E ngineer, Bureau 
of Sewers, Baltimore, Md. 


. Two activated sludge aeration 
tanks and two secondary settling 
tanks average capacity, 20 
med 

Chlorinating equipment ; 

Three heated digesters (working 
capacity, 548,000 eu ft 
unheated 


4.298.000 eu 


Fourteen digesters 
working 
ft 

Four vacuum 

area, 2,000 sq ft 
One 


capacity, 
filters surface 
and 

tank (diam, 80 
ft; side-wall working depth, 15 
ft). 


elutriation 


Figure 1 shows a flow diagram of the 
plant. 

The above-mentioned expenditure for 
improvements was in part an outgrowth 
1949 brought by the 
property owners along and in the vi- 
cinity of Back River, who maintained 
that the river was polluted by the 
plant effluent. The trial 
dered a decision in favor of the plain- 


of a lawsuit 


judge ren- 
tiff and ordered the city to carry out 
the following directives: 


Seal all by-passes, which were to 
be opened only in emergencies ; 
Equip the 30 acres of trickling 
filters with rotary distributors ; 
Provide the settling tanks follow 
ing the trickling filters with me- 
chanical 
ment ; 
Install one primary settling. tank 


sludge cleaning equip- 


treating an 
flow of 25 mgd; and 

Install 
plant. 


capable of average 


a heat-type sludge-drying 


: 
| 
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; 
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: 
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tp 
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Siud 


9¢_fiquor 


Row Sewage 


Mecnonkeliy 
Cleaned Bar 
Screens 


Digestion 


Mining 
Tonk 
| 
Mechanical! 
 |Settling Tanks on 1 
Serubber Effluent Sludge 
[ settiin } 
Trickling Activated Tohaitreas Cars 
Sludge i anc Truc 
Filters Aeration Tanks | > 
*Sewaae Flowing to 
Humus a no screenea. 
! 
Pumping 
= Station Water to Scrubber 
= 
Chior ination Bethiechem . 
Summer Time Steel Company SEWACE KEY 
5 Months Treatment Plan 


r 


inal EF Fluent 
To Back River 


OTHER LiavidS 


+-To Sparrows Point 


The following additions were made 


1. Two primary settling tanks ; 


Fifty rotary 


distributors on 30 
acres of existing trickling 


to the plant during the 12-yr period 
from 1948 to 1959: 4 
6. 
7. Equipment for heat drying 
sludge; and 


filters ; 


3. 


FIGURE 1.—Flow diagram, Back River sewage treatment works. 


Sludge cleanin 


mechanisms 


final settling tanks ; 


One elutriation 


. Two heated sludge digesters ; 
. 
. Two vacuum filters; 


tank ; 
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TABLE I. 
Raw Sewage 


BOD 


met 


210 
IS] 
201 
197 
200 
19S 
207 
105 
202 
200 
197 
193 
*See Table XI for the 


inalyses of actiy 


8. Cleaning mechanisms in two of 


the primary settling tanks. 


BOD and Suspended Solids 


The sewage, which flows to the treat 
ment plant from a separate system of 
sewers, IS moderately 
average annual 95-day 
varied ( Table | 
181 to a maximum from 
1948 to 1959, During this 
same period, the suspended solids con 
179 


is interesting to com 


With an 
that 
minimum of 
of 210 mg/l 


inclusive. 


strong 
BOD 


from a 


has 


tent has averaged annually fron 
to 245 mg/l. It 
pare these analyses with those of the 
140-47 (1 

when the BOD varied from 202 to 302 


previous period ot 


mg/l and the suspended solids ranged 
from 151 to 274 mg 1. 
during the latter 12-yr period was con 
siderably 


The raw sewage 


weaker during the 


There would seem 


than 
former 8-vr period. 
to be two this condition 
The first is that during World War II 
the sewage was unusually strong; the 
BOD and 1944 
averaged respec- 


tively. 


reasons for 


suspended solids in 
302 274 
This situation was undoubtedly 
the result of the great activity of the 
many industrial the 
The second that there 
been a residential expansion 
since the war, and the sewage contrib 


and 


plants in city. 


reason is has 


great 


January 1961 


Analyses of Raw and Treated Sewage’ 


secondary Settling 


Eff t 


BOD 


14 


ited sludge effluent 


uted by these new areas is not so strone 
as the sewage from the manufacturing 
and the industrial sections of the city 
The per capita contributions of BOD 
Table II 
constant 


The 


from 


and suspended solids have 


remained quite during the 
BOD on an 


0.18 to 0.24 


period under study 


annual basis varied 
lb /day cap, and the suspended 
ranged from 0.17 to 0.24 Ib/day /cap 

In 1957 a 


Baltimore County requested permission 


solids 


plant in 


large industrial 


to discharge with its smal] 
This 
permission was granted with the stipu 
that with the 


regulations of the United States Atomic 


sewage 
quantities of radioactive wastes 


lation the plant comply 


TABLE II.— BOD and Suspended Solids 


in Raw Sewage 


og 24 
Primary Settling Prickling 
lank Effluent Effluent 
Year 
ss BOD ss BOD Ss 
mg meg mg | me meg mg, mg 
3 140 S4 1S 76 67 
2 -- } 
34) 142 110 38 15 34 
85 142 122 78 29 5 : 
19 ) 142 138 IR 70 36 
134 134 28 55 19 2 
5 153 137 37 65 2) 33 
143 124 38 57 24 2b 
116 123 | 37 24 22 
) 
i 
‘ 
ise 
: 
2 
‘ BOD ss 
bd ca Ib. day 
1948 0.24 0.22 
1950 0.2] 0.20 
1951 ().22 0.21 
1952 0.22 0.24 ; 
1953 0.20 0.24 
1954 0.19 0.22 
1955 0.18 0.20 
1956 0.18 0.19 
{. ‘ 
1958 0.20 0.18 
1959 0.18 O.17 
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TABLE III. Radioactivity in Raw Sewage 
Date 
Apr 1x 1 x 10°° 
May <1 | <1 x 
June 3.2 X 
36 + 14) 10°** 
July 4.2 + 11.2) X 10°* 
196 + 12.6) 
Aug 6.5 + 5.5) & 10°° 
23 + 8) X 
Sept 0.6 + 0.70) 
x 
Oct 1.4 + 0.43) 10 
2.0 
Nov 15 +043) 10 
1.9 
Dev 21+ 0.80) x 
2.8 <x 
Jul | | 10 
Sept 1x 10 
Oct l 20 + 1.3) kK 10 
Nov 2.2 + 1.3) X 
Dew | 1.5 + 1.5) 10 
Analyses made by Robert A. Taft Sani- 


Engineering Center, U. 8 


Service, 


tary 


Public Health 
ill other analvses made by Baltimore 
Department of Health 


Energy Commission and that a monthly 
report be submitted to the city giving 
the daily waste flow and quantity of 
radioactivity. It was also understood 
that any radioactive spills at the plant 
would be reported immediately to the 
city. The quantity of these wastes in 
the majority of cases was 1.000 gpd or 
and the discharge in 
any one month amounted to 24,900 gal. 
The alpha and beta radioactivity has 
x pe 


maximum 


less, 


been very much less than 2 
mil, the permitted by the 
AEC. Beginning in April 1958, analy- 
ses were time to time to 
radioactive content of 
The concentration of 
(Table III) has re- 
1 x pe/ml, and 
the beta radiation has varied from 2.8 
10° to 4.2+11.2 x pe/ml. These 
concentrations are less than the maxi- 


maximum 
made from 
the 
the raw sewage. 


determine 


alpha radiation 


mained at about 
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mum permissible limit for drinking 
water, which is 1 pe/ml. 


Detergents 


Detergents have been determined 
regularly in the raw and the treated 
sewage since the beginning of 1953. 
During the 7-yr period, 1953-59 (Table 
IV), the average annual concentration 
has varied from 3 to 5 mg/l in the raw 
sewage, from 3 to 4 mg) in the pri- 
mary settling tank effluent, and from 
2 to 3.5 mg/l] in the final effluent. In 
general the detergents in the sewage 
have not presented an operating prob- 
lem. Foam has collected frequently in 
considerable quantities on the aeration 
tanks and in the effluent channel of the 
final settling tanks. But there has 
been no indication that the detergents 
have affected the efficiency of any of 
the treatment processes. There has 
been a marked inerease in the phos- 
phates in the digested and heat-dried 
sludge in recent years. It is believed 
that this increase is due to the inerease 
in the general use of detergents. 


Sewage Flow 


The population served and the sew- 
age flow are given in Table V. From 
1948 through 1959, the number of per- 
sons served by the treatment plant in- 
creased 333,300, from 956,700 to 1,290,- 
000, or 35 per cent. At the same time, 
the average daily sewage flow increased 
from 132 to 141 mgd. The flow from 
1948 to 1957 remained rather constant, 


TABLE IV.— Detergents in Raw and 
Treated Sewage 


Raw Primary Final 
Year Sewage Effluent Effluent 

mg 1) me mg, 1) 
1953 } 3 3.0 
1954 4 3 25 
1955 1 3 2.0 
1956 3 3 2.0 
1957 4 3 3.0 
1958 5 } 3.5 
1959 5 i 3.5 
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TABLE V.—Population Served’and | 
Sewage Flow 


Sewage Flow 


Mid-Year 
Population 


Served 


956,700 
976,900 
972,300 
1,007,000 
1,047,300 
1,104,400 
1,159,700 
1,187,300 
1,221,300 
244,000 
1,267,000 
1,290,000 


amounting to 132 med in 1948 and 134 
med in 1957. 


Mechanically Cleaned Screens 


The raw sewage flows to the plant 
through a horseshoe-shaped conduit, 
12 ft 3 in. wide and 11 ft high, and 
then enters a building provided with 3 
channels, each 10 ft and fitted 
with a mechanically cleaned screen. 
Each unit is designed to treat a peak 
flow of 100 mgd. The 
which are retained on bars spaced with 
clear openings of 1 in., are dragged up 
a dead plate and are allowed to fall 
into a hammer mill. The pulverized 
screenings discharge into the sewage on 
the down-stream the 
Neither screening the sewage nor grind- 


wide 


screenings, 


side of screens. 
ing the screenings has presented any 
unusual problems. One 
ployed at all 
screening equipment. 


man is em- 
operate the 
Krom time to 
time the bar cages and the hammers in 
the grinders have to be 
cause of wear. New 
drive shafts, and cables have been in- 
stalled to replace old ones. 

The electric power required to op 
erate the screens and the grinders 
(Table VI) varied from an annual 
average of 0.154 kwhr/mil gal of sew- 
age in 1953 to 0.242 1949, 


times to 


replaced be- 


rakes, drums, 


kwhr in 


January 1961 
and the power required to operate the 
from 1.502 kwhr/mil 
val of sewage in 1948 to 2.449 kwhr in 


1954. 


erinders \ aried 


Grit Chambers 


Three grit chambers, each 50 ft 
square, are provided with detritors to 
remove the grit, and each chamber has 
a rated capacity of 100 med. The grit 
discharges on a horizontal belt ‘and is 
removed to a small building, originally 
provided with a bueket ele 


vator. From here the grit discharges 


vertical 


into a dump truck and is hauled to a 
dump. 

As a separate sewers Is 
tributary to the the 
quantity of grit removed from the sew- 
age is not great. Table 
VII) varied from an average yearly 
minimum of 0.84 eu ft 
1959 to a maximum of 5.4 eu ft in 
1949, and the volatile solids ranged on 
a dry-solids 


system of 
sewage works, 


This quantity 


mil gal in 


from an 
per 
1959 to a maximum of 43.9 per cent in 
1954. Prior to 1956. the percentage 
of volatile matter in the grit 
usually high. The reason was that the 
full benefit the 
tion of the organie pumps which serve 
the grit 
Each pump sits in a recess in the tank 
wall adjacent to the incline up which 


basis average 


yearly minimum of 8.5 eent in 


Was lUll- 


resulting from opera 


chambers was not obtained. 


TABLE VI.—Power Used in Mechanical 


Screen Building 


1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 


0.217 
0.242 
0.222 
0.215 
0.226 
0.154 
0.166 
O.167 
0.235 
0.233 
0.196 
0.202 


ac 
26 3 
= a 
i 
4 

. 
mga med rpd 
ss 1948 132 221 138 
ae 1949 125 222 128 
1950 122 239 126 
1951 136 202 139 

Bee 1952 135 276 129 
1953 132 234 119 
- 
1954 127 224 LOY 
1955 132 276 111 
1956 132 207 108 
@ 1957 134 261 108 
1958 152 294 119 
q 1959 141 238 109 
| 

Power for Bereenines 

Screens 
Year Grinders 4 
4 kwhr, mil ga kwhr/mil wal 
1.502 
1.973 

2.029 
2.252 
2.449 
2.283 
2.131 

boo 
l. 
1.854 

4 
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TABLE VII.-Grit Removed 


Cicit Volatile Matter 


1048 5.3 10.6 
1949 5.4 10.8 
1950 Z.2 30.1 
1951 L.6 38.5 
1952 1.0 33.0 
1953 2.1 
2.4 13.9 
1055 2.4 11.0 
1956 1.5 
1057 OSS 0.0 
1958 O41 13.5 
L050 8.5 


the grit and other solids which settle 
on the tank floor are squeegeed. Just 
before this material is moved above 
the surface of the sewage, the flow to 
the pump washes the organic matter 
out of the grit. The organic material 
is pumped back to the grit chamber, 
where it mixes with the effluent leaving 
the tank. Prior to 1956, when grit 


OPERATION AT BALTIMORE 27 


with an abnormally high organi¢e con- 
tent was obtained, the flows to the 
organic pumps were not controlled 
properly. The location of the opening 
in the tank wall adjacent to the incline 
should be such that the depth of the 
sewage passing over the material being 
moved up the ineline is 6 in. or less. 
Then the velocity of the sewage flowing 
to the organic pump is sufficient to 
wash the organic matter out of the 
grit. Restricting the openings in the 
walls of the grit chambers was aec- 
complished by installing in front of the 
openings abutting aluminum plates 
(Figure 2) having a total width of 8 
ft 6 in. The velocity of the sewage 
flowing through the openings can be 
adjusted by raising or lowering one or 
more of these plates. Prior to install- 
ing these plates, the volatile matter in 
the grit on a dry-solids basis averaged 
38.7 per cent from 1948 through 1955 
and 15.7 per cent since then. 

The sprockets and chains of the 


FIGURE 2.—Adjustable gates controlling flow to organic pump serving grit chamber. 


¢ 


28 JOURNAL 


above-mentioned vertical bucket eleva- 
tor were subjected to excessive wear. 
This condition was greatly improved 
by substituting a rubber belt for the 
chains. Although this 
was an improvement, the cost of main- 
taining the bucket elevator was still 


excessive. 


modification 


Finally, the problem was 
solved by removing the bucket elevator 
and replacing it with an inclined belt 
conveyor, which has required little at- 
tention. 


Primary Settling Tanks 


Prior to 1950, there were five pri 
mary settling tanks, each of which was 
designed to treat an average flow of 
25 med. As the sewage flow in 1947 
averaged 119 med, it was considered 
necessary to proy ide additional settling 
capacity, and two more tanks were 
built, the first in 1949-50 and the see 
ond in 1954-55. 


tical with three other primary tanks 


These tanks are iden 


that have been in successful operation 


WPCF January 196] 
at the plant for several years. Each 
tank has an internal diam of 170 ft 
with a working depth of 12.5 ft at the 
sidewalls and a freeboard of 2 ft. The 
influent to each tank flows through a 
66-in., precast, reinforeed-concrete pipe 
and terminates in a vertical 54-in. pipe 
at the center of the tank After enter 
ing the tank, the sewage flows radially 
outward and discharges over a V 
notched weir into an open radial chan 
nel integral with the tank wall. The 
sludge is squeegeed by a rotary mecha 
nism along the floor to a depression 
near the center of the tank. From this 
point, the sludge flows through a 12-in 
cast-iron pipe into a well, from which 
the sludge is pumped into one or more 
digesters Each tank is designed to 
have a settling rate of 1,085 epd/sq ft 
and a theoretical detention period of 
2 hr when the average flow is 25 med 
At this rate of flow, the effluent over 
flow rate is 46,500 gpd ft of weir 
length. 

The performance of the primary set 


TABLE VIII.—-Time Primary Settling Tanks Were Out of Service 


1948 

1949 

1950 

1951 

1952 

19538 

1954 

1955 

1956 31 
1957 S4 
1958 LO5T 
1959 52 


Avg 

Avg, 
Tanks 
3 to 7 

Avg, 
Tanks 
land 2 


* Tank bridge and sludge cleaning mechanism painted. 


Tt Traction-rail supports repaired 


: 
= 
Out of Service (days) 
Average 
4 un 
0 0 0 60.8 
- 
17 12 16 16.0 
0 0 16 0 7.7 
0 15 5 15 11.3 
75 0 6 0 19.3 
0 7 0) 0) 20.0 
9 ‘ 
131 0 0 0 30.0 
a 3 6 0 0 3 26.9 at! 
61 2 35 11 74.0 
33.3 
\ 
14.8 
| 
67.7 | 
| 
5 
| 
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tling tanks is given in Table I. The 
yearly averages of the BOD and sus- 
pended solids in the effluent varied 
from 111 to 168 mg/l and from &1 to 
138 mg/l, respectively. The removal of 
BOD and suspended solids averaged 
50.0 and 47.1 per cent, respectively. 
Table VIILT gives the time that each 
tank was out of service each year. 
Tanks 1 and 2 were out of service a 
vreat deal more than Tanks 3 through 
7. There were two reasons for this 
condition In the first place, the 
mechanisms in Tanks 1 and 2 have been 
in service since 1935 whereas the other 
tanks were built more recently. See- 
ondly, Tanks 1 and 2 are equipped 
With traction-type mechanisms, each 
of which consists of a bridge supported 
by a conerete column at the center of 
the tank and on a continuous rail on 
the four walls of the tank. The sludge- 
cleaning mechanism is suspended from 
this bridge, which travels on the rail 
as the clarifying mechanism rotates 
around the control column. <All of this 
equipment was complicated and was 
subjected to a great deal of wear. The 
mechanisms in Tanks 3 through 7 are 
much lighter in weight and simpler in 
design Tanks 1 and 2 were out of 
service an average of 67.7 days/tank 
vear, Whereas the other tanks were out 
of service an average of 14.8 days 
tank vear. These records indicate the 
superiority of the 5 newer tanks over 
the older design of tanks equipped with 
traction-type mechanisms. The work 
done in Tanks 1 and 2 consisted of re 
pairing the traetion-wheel assemblies, 
replacing the hardened steel plates 
which rest on the steel rollers at the 
center of each tank, shimming, rebolt- 
ing, welding, and realigning the rails 
on the tank walls, and repairing the 
skimming mechanisms. The work in 
Tanks 3 through 7 consisted in general 
of repairing the skimming equipment 
and the evlindrical steel baffles at the 
center of the tanks. All of the tanks 
had to be taken out of service ocea- 


sionally to paint the equipment. 
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Revolving Screens 


The five drum-type revolving sereens, 
which are 10 ft long and 12 ft in 
diam and which treat the effluent 
from the primary settling tanks before 
it flows to the activated sludge units, 
continued to function satisfactorily. 
These screens used to be covered with 
20-mesh, O0.015-in. diam, monel wire 
cloth held in place by No. 12 gage steel] 
wire. Tests conducted at the Back 
River plant from 1948 to 1951 (3) in- 
dicated that No. 317 stainless steel wire 
Was more resistant to corrosion than 
monel and as a result, stainless steel 
wire Is now used. 


Trickling Filters 


Prior to 1948, the average annual 
hydraulic load applied to the 30 acres 
of trickling filters (8.5 ft deep) varied 
from about 66 to 73 gpd/sq ft (2.9 to 
5.45 mgd acre). series of experi- 
ments (4) conducted in 1938-39 at the 
Back River plant indicated that a 
hydraulic loading twice this amount 
with a 5-day BOD loading ranging 
from 18 to 23 lb/day /1,000 cu ft could 
be applied without materially affecting 
the character of the effluent. As a re- 
sult of these investigations, the filters 
were equipped with 30° rotary dis- 
tributors in 1948-49 and 20 in 1950. 
Each distributor is 157 ft 6 in. in diam 
and has a capacity that can be varied 
from 1.54 to 2.68 mgd. In applying 
the sewage to the filters, the general 
procedure is to use the rotary dis- 
tributors. The only time the fixed 
nozzles are used is when the sewage 
flow is excessively high or the rotary 
distributors are being repaired. The 
average annual BOD load has varied 
from a minimum of 9.67 in 1957 to 
13.18 lb day /1,000 eu ft in 1948 (Table 
IX). 

Sinee 1950, when the last of these 
distributors were put in operation, the 
d-day BOD of the filter effluent aver- 
aged about 34 me/l. The annual 
yearly average varied from a minimum 


2, 
4 
‘le 
‘| 
| 
] 
| 
|. 
| 
| 
| : 
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TABLE IX.—Loading on Trickling Filters 


} Sewage 
Flow 
1 


mga 


1948 | 104.18 755.000) 3.47 0.409 
1049 101.69 792,000 3.3 0.3908 
1950 OS.68 786,000 3.2 O.388 
1951 110.32 815,000 3 0.433 
1952 110.54 855,000 3 0.433 
1953 108.54 910.000 3.62 0.426 
1954 107.57 986,000 5.5 0.422 
1955 112.54 | 1,016,000 By 0.440 
1956 | 114.70 | 1,060,000 3 0.448 
1957 116.02 | 1,077,000 3 0.455 
1958 131.46 | 1,096,000 0.515 
1959 122.32 | 1,121,000 0.480 


of 28 to a maximum of 40 meg Table 
Fy: 


/ 


Secondary Settling Tanks 


The treatment plant was originally 
provided with 2 manually cleaned sec- 
ondary settling or humus tanks, each 
approximately 277 by 281 ft in plan 
with an average depth of 10 ft. These 
tanks were cleaned at infrequent in- 
tervals and were quite inefficient. To 
improve their operation, each tank was 
divided in two by erecting a longi 
tudinal wall down its center. At the 
same time flight conveyors were pro- 


r 
7 


vided to remove sludge continuously. 
These improvements were made in the 
first tank in 1950 and in the second 
tank in 1952. A small building was 
erected and equipped with four pumps 
to pump the sludge into the raw sewage 
flowing to the effluent conduit from 
the mechanically cleaned bar screens 
The effect of these additions and modi- 
fications on the final effluent has been 
quite marked. From 1948 through 
1950 the BOD and the suspended solids 
in the effluent averaged annually from 
34 to 60 mg/l and from 55 to 84 mg/I, 
respectively (Table I). Since 1950 the 
BOD and the suspended solids have 


BOD Remov: 
BOD 


2,960 


5,080 


200 


3,360 
3,580 
3,880 
3,980 


2290 


averaged annually from 19 to 29 mg/] 
and from 20 to 45 mg/l, respectively. 
Considerable trouble has been ex 
perienced with the sludge-cleaning 
equipment in the four tanks. The 
thousands of moving metal parts sub- 
jected to the corrosive action of the 
sewage and the erosive effects of the 
suspended solids have necessitated tak- 
ing the tanks out of service and replace 
ing bearing brackets, drive shafts, 
sprockets, chains, and wooden flights. 
These replacements were begun within 
one year after the equipment had been 
installed and expensive repairs have 
been necessary from time to time since 
then. Table X indicates that the tanks 


TABLE X.—Time Humus Tanks Were 
Out of Service 


i 


af 4 
‘ 
30 
LOaaings 
Hydrau 
‘is Year tion Popul 
Served BOD - - 
med mgd acre-ft 1,000 cu ft lb da 
re acre-ft 1,000 en ft ) 
inf EA 
3 
13.18 168 62 8.30 63.0 
3, 10.70 140 1S 7.04 65.7 
10.57 142 38 4.42 43.2 
11.81 142 IS 9.50 80.3 
—— 10.98 | 134 | 28 | 8.65 | 79.4 
12.22 153 37 9.35 75.8 
12.10 143 38 8.88 73.4 
1,160 9.99 116 32 7.25 72.5 
} 111 1) 6.10 64.1 
12.7% 129 oo 9.26 12.9 
12.85 + 140 | 33 9.80 76.4 
- 
0 
4 
i 
ds 
av 
3 
Average Time Out 
of Service 
a Year days/tank 
1951 7.5 
1952 2.0 
1953 13 
5 
1954 11.5 
4 19055 31.0 
1956 6.3 
on > 
1957 23.8 
1958 30.8 
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TABLE XI.~—-Activated Sludge Plant Operating Data 


Air Used BOD 1) BOD Load 


mg 


Treated Sludge tion 
med eu ft Ib of Ib, 100 Ib cu ft aera- 

i ft ‘ga BOD Infl hf mixed liquor tion tank 

removed) solids 


volume) 


104s 10.0 0.74 HOS 168 i2 38.8 
10.2 1.85 O83 TSO 140 12 78.5 36.1 
1950 23.28 19.1 1.35 0.00 &32 142 12 74.0 10.9 
1951 25.32 1.00 OS4 140 11 63.0 15.8 
152 24.57 IS.1S 1.15 913 128 15 66.8 39.2 
1953 | 23.35 15.28 1.51 124 69.1 35.8 
17 56.5 

1955 19.02 16.64 22 1.137 149 20 52.2 0.0 
1956 17.43 22.42 5.70 25 1,455 116 14 26.0 25.0 
1957 18.00 14.74 DSS LIS 1,427 111 12 35.8 24.8 
1958 | 20.59 15.74 5.28 1.07 1154 124 16 54.5 32.8 

IS.44 15.76 5.68 1.15 1,220 140 16 55.6 SLS 


TABLE XI. 


Continued 


Power Consumption 


156 24300 7 5.3 783 0.50 0.12 1.45 512 O.391 
1949 128 91.4. 22.200) 84 5A 734 | 0.58! 0.23) 1.25 495 O.466 
1950 130) 91.6 25.200 110 1.5 S70) O68 0.24 513 0.427 
1951 | 129 | 92.2) 27,300) 122 15 SS $2 1,109 | 0.68 0.14 2.32 1835 0.448 
1952. 113. 88.3 23.200 121 15 SS 5.2 924 0.68 O.11) 3.13 193 0.525 
1953 «111 89.5 21.600 110 17 4.4 826 0.93 O17 4.00 DSS 0.634 
1954 115 18400 116 15 5.1 O85 4.00 630 0.654 
1955) 120! 86.6 20.300 8&5 6 5.7 1,071 | 0.64) 0.11) 1.78 660 O.613 
1956 103) 87.0 15,000) 109 5 OD 6.4 (1,533 | 0.56 0.10) 2.27 695 0.807 
15.000 120 5.2 1,179 0.66 0.19) 1.47 659 0.800 
1958 113. 87.6 19.400) 105 16 5.4 963 O82 1.96 624 0.658 
1950 124 88.6 19,100) 10] 20 SU 914 O64 O.16 LAS 713 0.689 


have been out of service an average BOD of the influent to the aeration 
14.1 days/tank /year. tanks was a minimum of 111 mg/1 in 
1957 and a maximum of 168 mg/I] in 
1948, and the BOD in the effluent 

The performance of the activated varied from 11 to 20 mg 1. In general 
sludge units is given in Table XI. It the amount of suspended solids in the 
has been possible to maintain the hy- mixed liquor, which averaged 983 mg/1 
draulic load applied to these facilities, during the 12-yr period, was somewhat 
which were designed to treat a flow of less than is often used. The average 
20 mgd, quite constant by varying the annual BOD applied per 100 Ib of 
flow to the trickling filters. During  mixed-liquor solids varied from a mini- 
the 12-vyr period, the average yearly mum of 26.0 lb in 1956 to 79.4 Ib in 
flow has varied from a minimum of 1948 with an average of 59.1 lb during 
17.4 med in 1956 to a maximum of 25.5 the entire period. The air used varied 
mgd in 1951. The annual average from 0.79 to 1.25 eu ft/gal, and the dis- 


Activated Sludge Units 


i 
4 
‘ 
31 
Mixed Sludge Density 
Liquor Index 
Yea 
; kwhr Ib 
af ss whr 
Inf. J moval |, 20 Avg | Max! Min| BOD 
mg mg | me mil gal Removed 
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solved oxygen in the mixed liquor at 
the effluent end of the aeration tanks 
ranged from 4.2 to 6.4 me/] 

During World War IT and for a few 
years thereafter, the activated sludge 
in the final settling tanks bulked for 
long periods of time In 1945 the 
sludge density index averaged 0.26 
(SVI of 383). It is possible that this 
condition may have been the result of 
the strong sewage being treated. From 
1949 through 1959, the BOD of the in- 
fluent to the aeration tanks was ap- 
proximately 39 per cent less than it 
was from 1942 through 1945. The 
sludge density index averaged 0.32 
(SVI of 314) from 1942 to 1945 and 
0.66 (SVI of 151) from 1948 to 1959 

In 1956, 17 vears after the activated 
sludge plant was put in service, it was 
necessary to remove the air diffusers 
and clean them. Each diffuser plate 
Was removed from its concrete holder 
and immersed in muriatie acid for from 
6 to 12 hr. The plates were then re 
moved from the acid, wire brushed, and 
the containers were filled with clean 
water. Finally the plates were re 


moved from jhe water, allowed to dry, 
and the porosity of a number of them 
was determined. The plates had a 
permeability rating from 36 to 44 when 
they were new and about 15 after they 
had been in use for 17 years. After 
they were cleaned, their permeability 


was tested and found to vary from 19.0 
to 35.8. 

Prior to 1952 the excess activated 
sludge was concentrated in two thick- 
ening tanks. This sludge was then 
pumped through a 6-in. pipeline to a 
suction well that received the raw 
sludge from the primary settling tanks. 
Krom here the mixture of the two 
sludges was pumped into the sludge 
digesters. The objection to this method 
of operation was the large quantity of 
dilute sludge that had to be handled. 
To improve this condition, the opera 
tion of the two thickening tanks was 
discontinued and the sludge was 
pumped into the raw sewage. During 
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the S5-yr period prior to 1948, when the 
thickening tanks were used, the solid 
content of the sludge pumped into the 
heated digesters averaged 3.5 per cent; 
since then the solid content has aver 
aged 4.4 per cent, or an increase of 25,7 
per cent. Discontinuing the use of the 
thickenine tanks has also eliminated 
the need of chlorinating the superna 
tant liquor in the thickening tanks, of 
operating and maintaining the equip 
ment in the tanks, and of pumping the 
effluent from the tanks 

The excess activated sludge was orig 
inally pumped by two motor-driven 
reciprocating pumps, each with a ca 
pacity of 140 gpm. As these units re 
quired a great deal of maintenanee and 
soon failed to deliver their rated ca 
pacity, they were replaced by single 
suction, enclosed-impeller centrifugal 
pumps, which have proved quite satis 
factory. 


Chlorination of Final Effluent 


That portion of the final effluent that 
was discharged into Back River was 
chlorinated each year from about 
mid-April to mid-September, whereas 
that portion that was sold to the Bethle 
hem Steel Company for industrial 
usage was not chlorinated. It has been 
considered necessary to chlorinate the 


final effluent, as Back River, into which 


TABLE XII.—-Chlorine Used to Treat 
Final Effluent 


lorinating 
’eriod 


99.60 
90.04 
79.92 
8O.15 

100.03 
94.11 
67.60 


32 
: 
‘ 
Sewage Ch Chlorine 
Year Treated Dosage 
mgd days me | 
1948 169 6.65 
1949 183 6.28 : 
1950 154 1.25 
1951 149 1.5] 
1952 159 3.58 
1953 154 3.46 
1955 144 3.03 
1056 72.99 170 2.88 
1957 309.02 173 1.068 
og 1958 71.31 157 2.74 
- - - or 
og 1959 115.11 158 2.51 
i 
% 
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it flows, is used extensively for fishing, 
boating, and bathing. 

Three rotameters, one of which is a 
spare, are used to apply the chlorine 
to the final effluent. The average an- 
Table XII) varied from 
| in 1959 to 6.65 mg/l in 1948. 
the effluent 
examined for bacteria. 


nual dosage 
nig 
(nee a 


week chlorinated 


Was coliform 


The results were frequently negative. 


Sale of Final Effluent 


A considerable portion of the final 
effluent is sold to the Bethlehem Steel 
Company for use in the manufacture 
The effluent flows through 
two conduits, one 60 in. and the other 


of steel. 
96 in. in diam, for a distance of about 
) miles to the steel plant at the mouth 
of the The average 
annual effluent delivered 
Table XIII 
increased from 32.5 mgd in 1948 
to 70.4 med in 1959. During the 12-vr 
period from 1948 to 1959, $467,534 has 
from the sale of the ef- 


of sludge 


Patapsco River. 
quantity of 
daily to the steel plant 


has 


heen received 


fluent and a small amount 
vas 


Sludge Digestion 


As of December 31, 1947, the treat- 
had 17 


working capacity of 


with a 
$298,000 cu ft. 
Three of these tanks were heated and 


ment plant digesters 


Pank Capacity Available 


cu ft 
capita 


500,000 S06,500 


976,000 914,400 O94 
1050 793,000 803,000 1.01 
1051 520,000 SO1.000 1.71 
1952 933,000 888,200 0.95 
1953 938,000 860,200 0.92 
1054 718,000 886,300 1.23 
1055 674,000 914,400 1.356 
1956 645,000 914,400 1.42 
1057 660,000 914,400 1.39 
}O58 515.000 836,600 1.63 

685,000 802.700 1.30 


TABLE XIV. Operating Data of Heated Digesters 


Digestion 
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TABLE XIII. 
Effluent to Bethelehem Steel Company 


Revenue from Sale of 


1948 32.45 20,935 
35.05 25,807 
1950 42.06 28,548 
1951 16.18 32,602 
1052 12.68 30,639 
1953 53.01 38,003 
1954 5Y.63 40,589 
1955 67.62 42.357 
1056 71.31 16,739 
1957 88.00 51.677 
1Q58 84.92 5Y,905 
1950 19,843 

Total 167.534 


*A small percentage of this revenue is for 
the sale of sludge gas. 


had a working capacity of 548,000 eu 
ft; the other 14 were open, unheated 
units with a working capacity of 3,750,- 
000 cu ft. In April 1948, two addi- 
tional heated digesters with a total ef- 
fective capacity of 366400 cu ft were 
Each is 100 ft in diam, 
25 ft deep at its wall, and has a fixed 
roof. Each is equipped with 
a stirring mechanism supported by a 
column at the center of the tank. The 
new units are heated by a 6-in. steel 
pipe, 1,240 ft long, which is suspended 
along the tank wall in the form of a 


put in service, 


concrete 


Raw Sludge Added 


Perive 
davs) Dry Dry Solids 
mil gal yr) Solids Ib 1,000 
tons day) 


cu ft) 


97.321 17.9 120 
16 153.513 71.5 160 
14 153.938 63.1 160 
24 101.457 iS.S8 110 
12 209.009 107.5 240 
10 231.524 122.0 280 
13 183.5890 90.0 200 
182.968 93.8 210 
16 155.757 S1.6 180 
16 | 154.271 &8.0 190 
19 122.310 65.6 160 


142.608 63.3 


140 


i 
4 
Est 
cu ft 
) 
f 


TABLE XIV. 
Raw Sludge 

\ le Ma | 

{Ts 
75.8 97.321 
: 78.5 153.513 
1950 3.6 Cael 153.938 
1951 4.2 68.3 LO1.457 
1952 £5 67.3 209,009 
1953 4.6 68.0 231.524 
1954 72.5 185.580 
1955 £5 68.0 182.968 
1956 1.6 68.1 155.757 
1957 5.0 68.3 154.271 
1958 1.7 68.8 122.310 
1959 3.9 13.0 142.608 


spiral. <A continuous flow of hot water 
is maintained in each coil. 

The raw sludge drawn from the pri- 
mary settling tanks contained approxi- 
mately 55 per cent primary sludge, 25 
per cent activated sludge, and 20 per 
cent humus tank sludge. The major 
portion of this mixture is pumped 
into the five heated digesters. The 14 
open, unheated digesters receive the 
remainder of the raw sludge and all of 
the partially digested sludge drawn 
from the heated digesters. 

Table XIV gives the operating data 
relative to the heated digesters. The 
average annual loading of dry solids 


TABLE XV.— Gas Production from 
Heated Digesters 


tity 
Year 
1948 565,500 1.13 
1949 1,058,600 35.6 9.1 1.09 64.9 
1950 1,140,000 38.3 11.9 1.41 65.2 
1951 1,031,400 34.4 15.1 1.81 65.7 
1952 1,016,000 33.7 6.9 1.40 66.4 
1953 | 1,052,600 35.0 6.2 1.12 65.9 
1954 S9L.S00 30.2 6.7 1.24 64.3 
1955 | 891,200) 30.2 6.8 1.32 64.6 
1956 | 794,500) 26.4 7.0 1.23 65.9 
1957 | 780,300 25.9 6.4 1.18 66.2 
1958 614,100 22.9 6.6 1.19 65.2 
604,200 20.1 6.5 65.7 
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Continue d 


Sludge Withdrawn 


Dry Solids Volatile Matte: 
tons, day of TS 
IS.83 1.7 61.1 
1.34 2.0 63.5 
19.24 2.8 61.0 
33.62 2.9 57.3 
83.41 5 57.4 
S4.7 
2.8 OLS 
68.98 3.3 56.8 
63.80 3.6 
66.98 3.8 61.0 
57.29 62.6 
58.5 3.6 


has varied from 110 to 280 lb/day 
1,000 cu ft of tank capacity with a 
digestion period ranging from 10 to 
24 days. The average reduction in 
volatile solids has varied from 16.1 to 
39.2 per cent. No supernatant is with- 
drawn from these tanks. It is apparent 
that considerable liquefaction of the 
sludge takes place. The solids content 
of the sludge added to and withdrawn 
from the tanks averaged 4.4 and 3.1 
per cent, respectively, during the 12-yr 
period. That the sludge drawn from 
the digesters was not fully decomposed 
is evidenced by its volatile content, 
which quite frequently exceeded 60 
per cent on the dry solids basis. 

The quantity of gas produced is 
given in Table XV. Since 1953 the 
amount has decreased steadily, the 
chief reason being that in general less 
raw sludge was treated in the heated 
digesters. The average annual quan- 
tity of gas produced per capita has 
varied from 1.09 to 1.81 eu ft/day, and 
the methane content of the gas has 
ranged from 64.3 to 66.4 per cent. 

The average annual temperature in 
the digesters varied from 75 to 88°F 
and the yearly average heat transfer 
through the 6-in. pipe coils (Table 
XVI) in the tanks ranged from 6.5 to 
13.9 Btu/sq ft/hr/degree temperature 
differential. 

Table XVII gives the leneth of time 


3 
4 
' 
4 
£ ‘vi 
; 
i 
4 
| 
| 
4 
4 
: 
., 
- 
: 


Vol. 33, No. 1 OPERATION AT BALTIMORE 35 


TABLE XVI. Heat Transfer through TABLE XVII.-Outages of Heated Digesters 
Pipe Coils in Sludge Digesters 


lime Out of Service 


Yeur Pank-Days) 
Bru ‘sq ft. br, 1° diff) ‘ 
1951 17 
1948 St 1952 53 
S4 13.9 1953 109 
1950 §2 11.7 1954 56 
1952 wi 6.5 1956 0 
1953 8.. 1957 0 
1054 SS 10 1958 157 


1959 


Total... 


* Average outage per tank per vear, 12.5 days. 


Details of the operation of the 14 
the heated digesters were out of service open, unheated digesters are contained 
each year from 1949 through 1959. in Table XVIII. These tanks received 
The average outage for the ll-yr, pe- all of the partially digested sludge 
riod was 12.5 days, tank/year. There pumped from the heated digesters and 
have been a number of reasons why it a considerable amount of raw sludge. 
has been necessary to discontinue the The digestion period in the unheated 
operation of the digesters. These have tanks varied from a minimum yearly 


included failures of the sludge-clean- average of 15 days in 1955 to a maxi- 
ing mechanisms and their drive equip- mum of 31 in 1949, and the volatile 
ment, the need to remove accumula- content in the sludge solids withdrawn 
tions of grit and debris from the tanks, varied from 52.0 per cent in 1952 to 
and the dislodging of the heating coils, 63.3 in 1959. Except for a short period 
Which rest on brackets along the walls in 1948 when some of the sludge was 
of the tanks. pumped into a lagoon, all of the sludge 


TABLE XVIII. Operating Data of Unheated Digesters 


Sludge to Unheated Digesters 


ttlng Tanks From Heated Digesters 


Quantity 


1948 89.04 97.32 SS: 

1949 0.0 0.0 153.51 10.34 2.3 63.5 
1950 31.87 13.1 3.6 73.7 153.04 19.24 2.8 61.0 
1951 94.61 15.4 1.2 68.3 101.46 33.62 2.9 57.3 
1952 25.31 13.0 1.5 67.3 209.01 83.41 1.5 57.4 
1953 $1.32 2.7 1.6 68.0 231.52 84.7 3.2 59.1 
1954 112.73 55.2 4.53 72.5 183.59 58.7 28 | 61.8 
1955 139.49 71.6 1.5 68.0 182.97 68.98 | 3 56.8 
1956 139.26 73.2 1.6 68.1 155.76 | 63.89 | 3.6 59.6 
1957 137.75 57.0 5.0 68.3 154.27 66.98 | 3.8 61.0 
1958 175.98 94.5 1.7 OS.8 122.31 57.29 4.1 62.6 
1959 125.64 55.8 3 3.6 62.9 


3.9 73.6 142.61 58.5 


| 
: 1956 8&3 12.4 
1957 Sl 
ee 1058 SS 7.9 
1959 SU 
From Prisnsry 
Year 
Quantity 
Solid Volatile Solid Volatile 
Conc Matter Conc Matter 
Dry cr) of TS) Dry of TS) 
z mil gal Solids mil gal Solids 
ch tons/day) tons day) 


TABLE XVIII. 


Year 

1948 20 18.01 
1949 31 54.50 
1950 26 60.85 
1951 19.62 
1952 2] 106.27 
1953 IS 3.51 
1954 16 167.95 
1955 15 160.30 
1956 16 162.33 
1957 16 174.26 
1958 16 250.56 
1959 IS 210.39 

removed from these tanks was dewa- 


tered on vacuum filters. 


Sludge Filtration 


Numerous alterations and additions 
were made to the vacuum-filter installa 
tion, which consisted of four 500-sq ft 
vacuum filters and one elutriation tank, 
8O ft in diameter with a 
depth of 15 ft. As additional filter ca 
pacity was needed and the two oldest 
filters had about the end of 
their useful life, they were replaced by 
two filters each with an effective surface 
area of 790 sq ft. The of 
Was put in service in November 1956, 
February 1957. In 
1958, the existing elutriation tank was 


side-water 


reached 


first these 


and the second it 


supplemented by an additional tank of 
the same size as the previously installed 
This tank is designed to have a 
theoretical detention period of 4+ hr 
with the upper 11.5 ft allotted for sedi- 
mentation and the for 
sludge storage and The 
tank is provided with mechanically op- 


one. 


lower 3.5 ft 


thickening. 


erated sludge thickening and removal 
equipment. 

The original vacuum-filter 
tion was provided with 


installa- 
rubber-lined 
tanks, pumps, chlorinators, and auxil- 
lary equipment for making chlorinated 
copperas, which was used to coagulate 
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Continued 
Sludge to Vacuum Filt 
Solids Con Volatile Matt 
Solids eof TS 
ns da 
24.6 61.1 
55.0 
23.8 1.5 54.0 
61.1 5.0 52.0 
53.0 
OS.S 3.6 O15 
78.8 1.3 56.9 
78.0 4.2 57.5 
83.5 1.1 
11.0 
S1.5 4 63.3 
the sludge prior to filtration. Making 


the 
many 


chlorinated copperas presented 
difficulties, chief of 
the corrosive action of the chlorine and 


the Another 


associated W ith the 


which was 


copperas. disadvantage 
use of chlorinated 
copperas was that a smaller cake vield 
was produced than when ferric chloride 
was employed. Consequently, ferric 
chloride has been used instead of chlo 
rinated copperas since March 1952. 


The interior vacuum piping in the 


filters was originally made of copper 
As these 


disintegrated due to the oxidizing ae 
the 


pipe and brass fittings 


pipes 


sludge filtrate, 
they were eventually replaced by Celo 


tion of the iron 


ron pipes and Saran fittings, which 


In addi- 
tion to using filter cloths made of 12-0z 


have been quite satisfactory. 


few 
little 
39 wool cloths had 
$910 hr whereas 6 
life of 
have a 


wool, Dacron cloth was used on a 
During 


more than 8 years, 


Occasions. a period of a 
an average life of 
had 


Since 


Dacron cloths 
4.762 


longer life and are cheaper than Dacron 


an average 


hr. wool eloths 


cloths, nothing is gained by using the 
latter. 

Except for a few holidays, the filters 
are operated 24 hr a day, 7 
week. 


days a 
Two men, one operator and one 
helper, are required on each 8-hr shift. 


] 
A 
36 
Digest 
: 
: 
; 
4 
4 
4 
4 
| 
4 
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Furthermore, one janitor is employed 
the filter building. 
tails involved in filtering the sludge are 
included in Tables XVIII and XLX. 

1952) to 1959, there 


increase in the volatile solids 


in Operating de- 


Krom Was a 
eradual 
in the digested sludge. This condition 
was due to the increase year by year in 
the organic load that the digesters were 
Associated with 
in 
unelutriated 


required to handle. 
this 
the 


sludge. 


there decrease 


of 


increase Was a 


alkalinity the 


Since the second elutriation tank was 
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put in serviee in 1958, the countercur- 
rent method of 
used and the ratio of elutriating water 
to sludge has reduced to about 
3.0. As this water is pumped into the 
raw sewave, less electric power is re- 


elutriation has been 


been 


quired for this operation and the quan- 
tity of sludge solids added to the sew- 


age is reduced. 

Table NLX indicates that after 1951, 
when ferric chloride was used in place 
of chlorinated copperas for sludge co- 
agulation, there was a reduction of over 
oS per cent in the quantity of coagulant 


TABLE XIX.--Sludge Conditioning and Filtering 


TABLE XIX. 


Dry Solids Output 


Alkalinity 
mg | 


mg/|) 


“my 


231 


Continued 


Filter Cah 


Operating 
eriod 
days) 


1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 


8,254 
O80 
14,241 
12,576 
16,419 
15,518 
16,820 
20,183 
16,642 16.62 
16,628 17.65 
19,976 56.27 


21,743 61.26 


28.56 
29.20 
16.72 
36.14 
15.74 
17.80 
57.01 


ST 
AS 
AS 
00 
15 
60 


to to to bo bo 


* Average daily output based on actual number of days of operation. 
Tt Fe Cly substituted for chlorinated copperas on March 24, 1952. 


| 
Elutriated Sludge Elutriate 
Unelutriated Ratio of 
Year ive Alk Flutriating 
nig Water to Sludge Solids BOD = 
2 161 5.1 6.7 241 249 : 
149 2 163 1.7 6.9 339 106 
1050 2.325 5.4 5.7 344 138 269 
1951 6.7 O46 177 121 205 
“s 1952 2.104 6.3 6.1 331 133 335 
- 1953 2.033 6.3 6.7 537 S4 382 
4 1O54 1.708 1.3 5.6 520 337 777 
5 1955 1.871 5.7 5.6 532 223 1,034 
1056 6.1 5.7 276 559 
1957 1,032 54 5.3 576 274 837 
1.648 3.2 5S 306 1179 
1059 1.506 3.0 5.9 178 762 
i 
Moisture 
tons day)* psf ha 
6.02 3.40 74.3 
7.89 2.86 a9 305 
0.24 75.6 348 
3.82t 75.2 354 
4 3.64 73.9 322 
3.04 74.6 331 
2.81 73.0 354 
136 73.9 357 
3.88 2 73.7 349 
ae 3.33 2 73.0 355 
2.23 2 71.6 355 
: 
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required. During the 12-year period, 
the cake output averaged 2.51 psf/hr. 
This output was materially less than it 
had been in previous years because of 
the increase in the quantity of humus 
tank solids being handled. 


Heat Drying of Sludge 

In February 1953, a plant, costing 
$2,443,862 and including numerous ac 
cessory facilities, was put in service for 
the purpose of heat drying all of the 
filter cake. This plant 
with three flash 
rated output of 
per day, three concrete with a 
capacity of 300 tons for storing the 
heat-dried 390-ft 
carrying off the vapor and gases re 


was provided 


driers, each with a 


95 tons ot dry solids 
bins 
sludge, a stack tor 
sulting from the drying operations, a 
railroad siding to 
the dried 
auxiliary equipment. 

Within a short plant 
was put in service, three difficulties in- 


facilitate shipping 


sludge, and miscellaneous 


time after the 


volving its operation were encountered. 
These were (a fires 
the 
problems involving the 
dried and c the pre domi- 
nance of very fine material in the dried 


product. 


and exX- 


serious 


plosions in drying system b 
storage of the 


sludge, 


Fire Ss and Eu plosions 


sefore the drying plant was offi 


cially accepted from the contractor, a 
serious fire and explosion occurred in 
the duet work and thi 
then, there have 
Exhaustive studies were conducted by 
United 


determine 


chimney. Sine 


been many others 


city personnel and the States 
Bureau of Mines to 
and to 
measures. 

One of the chief the 
grease in the sludge, which on the dry 
solids basis varied from a minimum of 


the 


, Cause recommend corrective 


causes Was 


about 6 per cent in summer to 16 or 18 
per cent in winter. 
volatilized as it passed up the ducts 
from the the 
separators and from there it passed off 


Most of this grease 


mills to cyclone 


cave 
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with the vapor and other gases through 
the vapor the ducts, and the 
chimney. <A deal of the 
deposited on the interior of the 


fans, 
eood erease 
ducts 
and the chimney. 


A number of changes were made to 


improve this unsatisfactory operating 


Hinged 
intervals in the duet 
the 


condition. doors 
vided at 
blow open and relieve 
the 


Water sprays were 


were pro- 
work to 
pressure of 
ease of an explosion 
duet 


to reduce the 


gases 
installed in the 
work and in the chimney 
possibility of ignition of the deposited 
vrease, and a separator was installed in 


the duct adjacent to the suction side 
of each fan to remove the 
Although 
reduced 


intensity of explosions, one 


from 


crease 


the wases. these improve 


and the 


of the 


ments the frequency 
Important corrective steps consisted ot 
cleaning the ducts at frequent intervals 
When the grease in the sludge 


from 6 to 8 per cent on the dry solids 


ranged 
basis, the duets did not require clean 
ing more frequently than about 
150 hr But when the 

was t 16 
duets had to 
100 hr. 

To reduce the carry 
in the gases, a 
installed in the 
} 


charge 


ones 


every 


content per cent, the 


over of 


vrease 


duet 


serubber Was 
work at the dis 
end of one of the cyclone sepa 

This 


draulice type, is capable of removing {5 


rators. serubber is of the hy 


per cent of the particles 2 microns and 


ereater in size when the inlet loading 


and dle 
18.000 


is O.8 g eu ft or greater, 


signed to handle a gas flow of 


cfm. The crude gases from the eyclone 
separator enter the top of the cyclonic 
serubber and discharge 
from 
steel 


sisting cement lining 2 in. 


tangentially 
the bottom. 
construction 


is of 


The scrubber 
and has an acid-re 
thick and a 
series of high-pressure water sprays 
Two centrifugal pumps, one of which 
is a spare unit, each capable of deliver 
ing 320 gpm against a total dynamic 
head of 400 ft, 


liver final sewage effluent to the sprays 


were provided to de 


| 
| 
ay 
| 
4 
: 
783 
AYE 
4 
4 
4 
| 
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A settling tank 35 ft in diameter with 
a side-water depth of 7.21 ft was con- 
structed to treat the scrubbing water 
from the cyclonic scrubber and three 
additional scrubbers, two to serve the 
other two existing drying units and the 
third to serve a future unit. When 
treating 0.43 med, this tank has a the- 
oretical detention period of 2.5 hr and 
a surface loading of 445 gpd/sq. ft. 
During 1959 this tank reduced the 
BOD and the suspended solids of the 
liquor being treated from 312 to 150 
my land from 1,164 to 105 mg/l, re- 
spectively. The sludge drawn from 
the tank contained 16.3 per cent solids 
of which 65.2 per cent was volatile and 
16.2 per cent grease. The effluent from 
this tank is pumped along with the 
sludge elutriate into the raw sewage 
flowing to the mechanically cleaned 
screens, and the sludge from the tank 
is pumped by two centrifugal sludge 
pumps, one of which is a spare, into a 
nearby sludge lagoon. Each of these 
pumps has a capacity of 150 gpm when 
Operating against a total dynamic head 
of 10 ft. The cyclonic serubber has 
vreatly reduced the concentration of 
the solids in the exhaust gases and the 
frequency of cleaning the ducts. It is 
now possible to defer duct cleaning for 
as long as 1400 hr when the sludge 
contains from 6 to 5S per cent grease 
dry solids basis) and for 600 hr when 
the sludge contains 14 to 16 per cent 
vrease. Plans are being prepared to 
provide each of the other two drying 
units with a eyclonie serubber. 


Sludge Storage 


The second serious difficulty asso- 
ciated with the operation of the drying 
plant related to the storage of the ma- 
terial. Three hopper-bottom concrete 


bins, each 23 ft square in plan and 32 


ft deep are provided for this purpose. 
Within about 5 days after the dried 
sludge is stored in the bins, it begins to 
compact so that it is most difficult to 
remove. This condition was agera- 
vated when the dried sludge began to 
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absorb moisture from the atmosphere 
so that instead of having a dried prod- 
uct containing 8 or 10 per cent mois- 
ture, the sludge at times had a moisture 
content as high as 41 per cent. At- 
tempts were made to remedy this un- 
satisfactory condition with only partial 
success. The walls of the bins were 
waterproofed and tests were made us- 
ing dehumidifying equipment, which 
proved to be inadequate. The difficulty 
in dehumidifying was that there was 
no satisfactory way to prevent air from 
entering the openings in the tops of the 
bins. The best solution has been to 
store the sludge in the bins for not 
more than about 2 or 3 days. 


Particle Size 


The third difficulty encountered in 
the operation of the drying plant was 
associated with the physical character- 
isties of the dried sludge. It was so 
fine and dusty that many fertilizer 
companies would not buy it. This 
characteristic, however, is not peculiar 
only to Baltimore; San Francisco, San 
Diego, and Los Angeles have been 
bothered with the problem. The means 
employed to pelletize the sludges in 
these cities were investigated but not 
adopted. 

The extruding machines used to pel- 
letize the sludges were subjected to ex- 
cessive wear and consequently were 
discarded after a short period of op- 
eration. Another type of machine that 
Was investigated consisted of two hori- 
zontal rolls, the faces of which con- 
tained small depressions. the 
sludge passed between the rolls, it 
filled the depressions and was com- 
pacted as a result of the pressure ex- 
erted by one roll against the other. 
One disadvantage of this method of 
pelletizing was that the pellets were 
excessively large and were not satis- 
factory to fertilizer manufacturers. 
Another scheme used successfully to 
eliminate dust in the manufacture of 
poultry feed was to add a small quan- 
tity of molasses to the sludge. How- 
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ever, this method of reducing the dust 
proved unsatisfactory 

A final attempt was made to solve 
the problem by compacting the finely 
divided sludge into a thin sheet. This 
was accomplished by passing the sludge 
through a compacting mill and then 
granulating the compacted sludge in a 
roller mill. 
ducted over a period of several mouths, 
during which 
having varying percentages of grease 
and moisture were successfully 


rhe experiment Was con- 


time heat-dried sludge 
proc- 
essed. 

The granulated discharge from the 
roller mill 
vibrating screens to divide the sludge 
particles into three 
material, which was fed back through 
the granulator mill a second time; fine 
material, which was passed through the 


passed through 


parts: OV ersized 
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mill 
and granules that were of 
5 to 10 
per cent of the material was oversize, 


conlpactine ane converted inte 
sludge cake ; 
a suitable size for sale. From 
30 to 35 per cent was excessively fine, 
and about 60 per cent was of a satis- 
factory size. It is planned to install 
the necessary equipment, consisting of 
compacting mills, granulators, and con- 
veyors, to produce a sludge with better 
physical characteristics. It is antici 
pated that this processed sludge ean 
then be sold at a price 25 to 30 per 
cent above the present price. A com 
plete report giving details of the above 
mentioned experiments is. being pre- 
pared for publication 

In addition to the 
culties, the operation of 


diffi 
the drying 
The 


metal 


foregoing 


plant presented other problems. 
chief of these was the erosion of 


TABLE XX. Operation of Sludge Drying Plant 


Dried Product 


Grease in 
Wet Cake 
(% of TS) Amount 


tons 


1953 


1954 


1.850 
LOS] 
1955 6,622 
1956 11,503 
1957 | 11,736 
1958 : 12,770 
1959 : 10,941 


TABLE XX. 


‘tric Power 


Interest on 
Investment 


mil kwhr) 


1953 
1954 
1955 
1956 
1957 
L958 
1959 


0.443 
0.774 
0.990 
1.584 
1.627 
1.603 
1.710 


162.98 
150.73 
155.88 
140.48 
175.10 


28,162 
13.165 
88.361 
83,908 
101,277 


97,071 63,227 290 541 


Fuel Used 


20.502 
15,000 
91,439 
178.015 
222,790 
318,426 
275,960 


33.98 
54.06 
80.77 
115.60 
122.48 
95.50 


81.60 


aintenance* 
$) 


10,198 
16,766 
11751 
50,427 
55,167 


165,772 84.61 
187,343 15.91 22,168 
229 025 34.59 30,246 
268,529 23.02 17,030 
268,616 22.89 37,681 
IST 122 22 48 39,166 


26.56 34,241 


3.618 


* Costs include only those directly applicable to drying plant and do not include miscel- 
laneous costs such as overhead, laboratory, and other expenses. 


a : 
. 
ts 
[3 
ey 
| 
Moisture NH N Par Onl Sludge Gas 
8.4 3.81 2.70 
— 8.27 3.56 3.03 
10.65 3.47 2.87 
10.73 3.03 2.66 4 
Continued 
Costs 
fron ; 
KWihil pera \ on o Sludge 
} solids Depreciation product 
= 261.13 127,412 
207.05 127,412 
127,412 
120,541 
129,541 
129,883 
130,243 
; 
4 
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with which the 


sludge came in contact. The interiors 
of the cyclone separators had to be 
provided with a new cement lining ap 
The 
metal linings of the pug mills, the cage 
mills, the duet 


had to be 


proximately every two years. 


work, and the vapor 


fans repaired or replaced 
After about 2,500 


hr of operation, new impellers had to 


from time to time 


be installed in the vapor fans. In 


January 1959, an impeller, which cost 
O15. Was replaced by one made of 304 


After 
3.900 hr of operation this impeller Was 


stainless stee] costing 41.996. 


TABLE XXI. 


Number 


lovers 


Super 


Viso! forces 


Superintendent 

Assistant superintendent 

Clerks 2 

| 

Store keeper ] 
Laboratory 

(‘hemists 3 

Assistant chemist 

Laborers 2 

Janitor l 
Mechanical screen building 

Operat Ws } 


Girit chambers 


Operators 


Sludge control stution 


Operators 
Helpers 
Janitor l 


Control house & revolving screen 


building 


Operators 1 

Laborer l 
Activated sludge units 

Operators 5 

Laborers i 
rrickling Filters 

Laborers 3 
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in very good condition and should give 
many additional hours of service 

Table XX gives the essential data 
relative to the operation of the drying 
plant. During the first three years of 
operation the output of dried sludge 
was considerably below that anticipated 
due to the character of the sludge being 
dried, the familiarity of the 
operating personnel with the problems 


lack of 


encountered, and the general design of 
the drying plant. As the 
learned to cope with these problems, 


operators 


the annual output of the plant from 
1956 through 1959, increased from 10,- 
to 12,771 


tons. 


Operating Personnel 


Number of 


Employees 


Classification 


Humus tanks 


Operators 
Chiorinating station 
Laborers 


Sludge pumping stations 


Operator 

Laborer 
Vacuum filter building 

Operators 

Laborers } 

Janitor l 


Sludge drving building 


Chiet operator l 
Operators 
Helpers 
Mechanic 
Laborer 
Car loaders 2 
Janitors 3 


Eleetric shop 


Chief electrician 
leetricians 3 
Helpers 2 
Machine & carpenter shop 
Principal foremen 2 
Maintenance mechanics 3 
Mechanic's helpers 2 
Carpenter l 
Carpenter’s helpers 2 
Foremen, painters, laborers, ete. 27 
Total. 125 
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The average annual moisture in the 
dried sludge varied from 8.3 to 11.07 
per cent. 
to keep the moisture below 10.0 per 


A concerted effort was made 


cent. However, at times when the 
grease in the sludge was high, the 


moisture in the dried material was also 
high. The grease was usually higher 
in winter when the the 
sludge slowed down. As more diges- 
tion facilities are provided, this dift- 
ficulty should be overcome. 


digestion of 


The average annual content of am- 
monia nitrogen and phosphates varied 
from 3.37 to 3.81 and 2.66 to 
3.47, respectively. 


from 


The annual cost of drying the sludge, 
including fixed charges but excluding 
general overhead from 1956 through 
1959, varied from $22.48 to $26.56 per 
ton. These are gross costs from which 
the revenue from the sale of the sludge 
has not been deducted. During the pe- 
riod of approximately 7 yr that the 
heat drying plant was operated, the 
sale price of the sludge varied from $5 
to $6 a ton and the total 
amounted to $214,150. As 
is one of the manufacturing centers of 
commercial much of the 
was locally. Some was 
shipped as far away as Rhode Island, 
Florida, and Indiana. Sludge 
were handled by a fertilizer 
who charged 9 per cent of the sale price 
of the 
though most of the sludge was shipped 
in railroad cars, some was hauled in 
trucks. 


revenue 
Baltimore 


fertilizer, 
sludge sold 
sales 
broker, 


sludge for his services. Al- 


Even though the drying plant was 
designed to dewater all of the digested 
sludge that could be produced by two 
of the three driers, the quantity of 
filter cake that not dried 
from about 37 per cent in 1956 to 55 
per cent in 1959. 
that 
more of the driers had to be shut down 


was varied 


The reason for this 


situation was frequently one or 


to make repairs or to clean the ducts 


and equipment. The quantity of 


sludge that was not dried in 1959 was 
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TABLE XXII.—-Cost of Improvements 


Item Cost 

Grading $ 204,036 
Primary Tanks 6 and 7 137,846 
Alterations to two primary tanks 11,688 
50 rotary distributors 76,210 
Humus tank improvements and 

equipment 1,322,282 
Digesters 4 and 5 $34,343 
Two vacuum filters 120,188 
One elutriation tank. 126,453 


Sludge drying plant 2,443,862 
Sewage channels and conduits 567,629 


Sludge piping 101415 
Electric conduits and cables 147,738 
Storm drains 104,558 
Gas piping 52,859 
Potable water piping 52,798 
Roads 34,931 
Railroad 16,621 


Miscellaneous improvements 149,636 


Total, $7,155,093 
especially high, because the drying 
plant had to be shut down for con- 


siderable periods of time to install the 
eyclonie serubber and auxiliary equip- 
ment. 


Operating Personnel 


The operating pe:sonnel comprised 
a superintendent, 
tendent, 


assistant superin- 


chemists, clerks, skilled op 


erators, electricians, mechanies, work- 
ers various other trades. and 
common laborers. There are 125 em 


ployees listed in Table X XI. 


ber varied from time to time. 


This num- 

Usually 
the number employed in summer was 
greater than in winter. In general the 


supervisory force worked 714 hr a 
day, 5 days a week, and the skilled and 
common laborers worked 8 hr a day, 5 
In most of the buildings 


there was one and in 


days a week. 
some Cases Sey- 
eral employees 24 hr a day, 365 days 
a year. The operation of the vacuum- 
filter building and the sludge drying 
building was continuous except for the 
more important holidays. Electricians, 
mechanics, carpenters, and others who 
did maintenance work were employed 


on the day shift. 


‘ 
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TABLE XXIII. Cost of Sewage Treatment 


Total 
$ 


1948 | 567.166 $24,354 


1949 | 568,242) 12.45 0.58 532,059 
1950 | 571,082) 12.83 0.59 573,956 
1951 564 14.26 0.70 562,402 
1952 | 707.758) 14.31 0.68 
1953 | 708,560) 14.72 677,818 
1954 741,212 16.02 O64 
1955 776,295 16.17 0.65 705,081 
1956 820,740 16.97 800,222 
1957 822.811 16.81 0.66 915,169 
1958 14.99 0.66 980,768 


1950 967,596 


964,026 


Cost of Improvements 


The cost of the additions and im- 
provements built from 1948 through 


1959 is given in Table XXII. 


Treatment Costs 


The vearly cost of sewage treatment 
from 1948 to 1959, inclusive, is given 
in Table XXIII. The fixed cost varied 
from $11.74 to $18.83 ‘mil gal of sew- 
age and from $0.59 to $0.75/cap. The 
fixed costs are based on the book value 
of the plant being $10,127,969 in 1948 
and $17,278,496 in 1959. Interest was 
figured at 4.1 per cent and depreciation 
at 1.5 per cent. 

From 1948 through 1959, the operat- 
ing and maintenance costs increased 
from $8.78 to $18.76 mil gal of sewage 
and from $0.45 to $0.75 eap/yr. Dur- 
ing this same period, the compensation 
paid common labor increased from 
$1.05 to $1.72 an hour 

Table XXIV_ gives the cost of op- 
erating the individual treatment units 
during 1959. Heat drying the sludge, 
which was the most costly, accounted 
for over 21 per cent of the total op- 
erating costs. The next most costly 
was the operation of vacuum filters. 
The primary and secondary treatment 


2 


of the sewage (Figure 3) accounted 


for 46.3 per cent of the operating and 
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Operating and Maintenance Costs 


$ mil gal $ yvr/cap) 


Fixed and Operating Costs 


Total 
$) 


$/mil gal) (8/yr/cap 


8.78 0.45 991,520 1.04 

11.68 0.55 1,101,201 1.13 
12.89 0.59 | 1,144,988 1.18 
11.34 0.56 1,269,966 1.26 
13.57 0.64 1,378,837 1.32 
14.07 0.62 1,386,378; 28.79 1.26 
15.79 0.63 L471,661 3181 1.27 
16.56 0.67 1,571,376) 32.73 1.32 
0.73 1,710,962) 35.38 1.40 
iS.70 0.74 1,737,980, 35.5 1.40 
17.67 0.77 1,812,569 32.66 1.43 
18.76 0.75 1,931,622 37. LJ 


maintenance costs during 1959, and 


sludge treatment and disposal ae- 
counted for 50.3 per cent. 

Side-by-side operation of trickling 
filters and activated sludge units af- 
forded an opportunity to compare their 
operating costs when treating sewage 
of the same strength. It should be 
pointed out that since these treatment 
facilities were not built at the same 
time, fixed costs are not truly com- 
parable. The trickling filters, humus 
tanks, and the improvements added 
thereto were made in 1907-1915 and 


TABLE XXIV. -Operating and Maintenance 
Costs for 1959* 


Operating 


Main and Main- 
Treatment Unit ing tenance 
or Process Costs Costs tenance 
Costa 
3 $) 

Mechanically cleaned 

screens 26,641 11.618 38,259 
Grit chambers 31,605 7,492 39,097 
Primary tanks 53,516 24,918 78454 
Fine sereens 14,376 15,103 20,479 
Trickling filters 33,576 6.089 39.665 
Hummus tanks 28,490 11,028 39,518 
Activated sludge units 130,391 16,100 146,491 
Chlorinating final 

effluent 29,460 4,930 34,4390 
Sludge digesters 42,241 488 
Vacuum filters 148,564 186,004 
Heat drying of 

sludge 124,206 80,961 205,257 
Filtered sludge dis- 

posal on grounds 20,423 5,213 25,636 
Care of grounds 29,680 2,538 32,218 

Total 713,259 250,767 964,026 


* Including overhead, laboratory, and other costs 
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FIGURE 3.—Operating and maintenance costs. 1959. 


activated sludee units The 


£4.80 wal and 
filters 


1946-1952, and the activated sludge by the 
units were built in 1938-1939 fixed costs were 
Table bee) vives the cost during 


1959 of treating the sewage by the and $6.02/mil ea 


trickling filter-humus tank units and 


cap yr for the trickline 
and $0.24 cap 


for the activated sludee facilities. and 


TABLE XXV.— Cost of Treating Sewage During 1959 by Trickling Filters and 
Activated Sludge Units 


Preatment Unit 


120.000) 5,254,074 


Trickling filters 
170,000 1.330.381 


Activated sludge 


| Cris \ % 

— = oe 

it on 

| | 

L 

%, 
© / 
Up 

2° 
on ESD 6.02 


Trickling filters 12,228 
\ctivated sludge 17.58 


the operating costs were $0.95 /mil eal 
and $0.04/cap vr for the trickling fil- 
ters and $17.58/mil gal and $0.69 eap 
vr for the activated sludge units. Fixed 
and operating costs amounted to $9.79 
mil gal and $0.23 /cap yr for the trick- 
ling filters and $23.60 mil and 
$0.93 cap/yr for the activated sludge 
units. The chief reasons for the high 
cost of operating the activated sludge 
units were (a) the greater amount of 
electric power required and h the 
use of more highly trained labor. The 
power for operating the trickling filters 
during 1959 cost $.007 mil gal, but for 
the activated sludge units it cost $8.78 
mil gal. Labor on trickling filter units 
amounted to 456 man-hr, week and on 
the activated-sludge units, 368 man-hr. 
It cost over four times as much to treat 
the sewage by the activated sludge 


units than by the trickling filters. 
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TABLE XXV. 


Operating Costs* 


* Costs do not include costs such as overhead, laboratory, and other expenses 
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Continued 


Fixed and Operating Costs 


0.04 250,743 5.75 0.25 
23 


The cost of divesting and filtering 
the sludge is given in Tables XXVI 
and NXVII. 
from a minimum of $1.74 ton of dried 
solids in 1955 to a maximum of $3.61 
in 1949, with an average cost during 
the 12-vr period of $2.43. Of this 
amount, about 46 per cent was fixed 


Digestion costs varied 


costs. The cost of filtering sludge 
varied from $9.52 ton of dry solids in 
1955 to $15.08 in 1957. with an average 
cost of $12.29. The fixed charges were 
approximately per cent of this 
amount, 
Highlights of the Back River Plant 

The Back River Sewage Works, since 
it was first put in operation in 1911, 
has been unique in many ways: 

1. It was the first plant in the United 
States to adopt separate sludge diges- 
tion on a large seale. 


TABLE XXVI._ Cost of Sludge Digestion 


Fixed Charges 


$03,442 1.132.562 36S 
266 1.132.562 7 368 
28,551 1,132,562 17 S68 
1951 34,1038 1,132,562 17 SOS 
14,003 1,132,562 
1953 52.568 1,132,562 17 368 
1054 53.165 1,132,562 17 S68 
1955 1,132,562 17 368 
1956 56.590 1,132,562 17.368 
1057 60,022 1,132,562 17.368 
SS. 4908 1,132,562 

1.051 1152 562 7 36S 


Operating and 
Maintenance Costs 


lotal Costs 


otal 
dry solids) $ 


$ ton of Total $ ton of 
dry solids s dry solids) 


1.42 THO 92,128 2.76 
1.80 47.538 94906 3: 
1.68 52,798 L.S7 100,166 
1.30 10,5053 1.45 OST 1 2.8 
1.08 51.367 O8.735 2.20 
51,506 O.U8 OS S74 
53.765 1.01 101,133 1.00 
0.78 57.937 0.96 105,305 1.74 
OS4 65,060 1.15 112,428 1.99 
O78 64.069 1.07 112,357 1.85 
1.28 122,248 2.09 
1.00 OO ASS 1.50 2.08 


_ 
| 
Preatment Unit 
ots 
$/mil eal) $ yr cup) ! $ mil gal) $ yr ‘cap) 
¢ 
| | 
— 
uw S ‘ 
Digestion 
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TABLE XXVII. 


Quantity of Cost of 

Dry Solids tering 

Year oli Filterit 
Filtered Equipment 


tons) 


1948 8,254 159,019 29 071 
1949 9 O80 159,019 29 O71 
1950 14,241 150,019 29,071 
1951 12,576 150 889 29,126 
1952* 16,419 187,173 30,854 
1953 15,518 486 30.874 
1954 16,820 187,486 30.874 
1955 20,183 $87,486 30.874 
1956 16,642 187,486 30,874 
16,628 607.674 19.319 
1958 19.976 764,996 62.087 
1959 21,743 764,996 62,087 


2. The trickling filters which covered 
30 aeres when they were completed in 
1915 were and still remain the largest 
in the Western Hemisphere. 

3. The first heat-type sludge drying 
plant in the United States was put in 
operation in 1916 at Back River 

4. This plant was among the first in 
this country where experiments were 
conducted (a) to determine the practie- 
ability of grinding sewage screenings 
(5), (b) to determine if garbage (6 
(4) could be digested satisfactorily 
with sewage sludge, and (c) to in- 
vestigate the possibility of dewatering 
digested sludge by vacuum filtration 
(8) 


5. The elutriation of sludge was dis 


covered by Genter (9) and first in- 
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Back River Sewage Works, Baltimore. 
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Theory and Operation of Sewage and Waste Water Treat- 
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College of Engineering, Newark, N. J. Co-sponsored by 
New Jersey State Dept. of Health and New Jersey Water 
Pollution Control Association. C. H. Stephans, Newark 
College of Engineering, 323 High St., Newark 2, N. J. 
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Michigan, Ann Arbor, Mich. Dr. Charles F. Powers, Great 
Lakes Research Division, 1119 Natural Science Building, 
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DETERMINING THE PATTERN OF 
THE DIATOM FLORA 


Matthew H. Hohn 


Since the development of the Cather 
Patrick ef al ] 
that a 


less 


wood Diatometer by 
it 
more 


became apparent quicker, 


economical and laborious 
method of analysis would have to be 
developed if the instrument were to be 
The 
cated log normal distribution method 
called “de 
requires from 
The 
financial burden placed on an industry 


come useful on a large scale trun 


of analysis, popularly a 
tailed reading’’ usually 
25 to 30 hr from start to finish 


or governmental agency using several 
dozen of these instruments is therefore 


apparent. 


Establishment of Method 
Detailed the 


made in such a way as to provide esti 
of the three parameters, 
ance o*, height of the mode A 


readings of slides are 


mates var 
and the 
distance of the mode from the origin 
of the 
describe 
tribution. 
theoretical frequency 


curve a, that are required to 


a truneated dis 
the 
de 


scribing the diatom flora is constructed 


log normal 


Krom such estimates, 


distribution 
Detailed readings are performed on 
the basis that one diatom population 
can accurately be compared with an- 
other diatom population from the same 
from 
cally and chemically 


river or rivers that are ecologi- 


similar.  Sueh 
comparison may take two forms a 


the individual parameters may be com 
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pared separately or, more commonly, 
hb) the entire theoretical distribution 
eurves the 
can be compared with one another 


therefore, 


venerated by parameters 
It 
is, essential that similar and 
statistically reliable a 
the 


being compared. 


re alla 


Ivzed from diatom populations 


This can best be ae 
sufficient 
oft 
all 


diatom 


complished by 
dividuals 


counting 
the 
curve in the same interval for 


ples. 


Ith 
the 


mode 


place 
sam 


popu 
the 


within 


In practice two 


lations are not 
of the 
the span of one interval 
that the 


sample becomes greater as the mode is 


unless 
fall 
Preston 2 


compared 


modes two curves 


has shown reliability of a 
moved further from the curve origin 
A statistically reliable sample of the 
be had 
individuals to place the mode 
between the middle of the second and 
the middle of the third intervals (a 

1.5 to 2.5 


will serve only to move the mode fur 


population may by counting 


enough 


Counting more individuals 


ther from the origin while the species 
in the 
theoretical 
stable. 


mode, dispersion faetor, and 


universe remain relatively 
Of course, more species will be 
observed as more of the population is 
counted. 


To 


necessary to determine how many speci 


establish a as a constant, it is 
mens have to be counted so that enough 
of the population has been observed to 
place the mode between the 1.5 
2.5-interval span. An examination 
detailed 
readings showed that a definite pattern 
soft 


for 


and 
of 


several hundred diatometer 


can be established for and hard 


fresh water rivers and brackish 
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Water environments. It has been 
found that specimen counts may vary 
from 5,000 to as many as 100,000 for 
areas that have similar vo? and N, 
values with the mode jocated in the 
1.5- to 2.5-interval range. Although 
the total counts were extremely vari 
able, the number of specimens in the 
main body of the curve, the total area 
under the theoretical curve up to and 
including the Oth interval as meas- 
ured in terms of total number of speci 
mens present, was found to be quite 
constant, The average number of 
specimens present in the first 100 in- 
tervals of the curves constructed for 
soft, hard, and brackish water areas 
are shown in Table L[. 

In soft water rivers brackish 
Water estuaries, these numbers are very 
similar Natural healthy areas. that 
showed no evidenee of chemical or 
organic pollution as measured by bio- 
logical surveys required a count of ap- 
proximately 8,000 specimens to place 
the mode in the 1.5- to 2.5-interval. 
There were no species represented by 
enough specimens (1,024) to place them 
hevond the 10th interval of the curve. 
Similar hard water areas required a 
count of approximately 5,000) speci 
mens. These results are therefore set 
down as a standard or base to be used 
as the number for estimating the total 
count necessary to secure a statistically 
reliable sample of the diatom popula- 
tion. 


TABLE I.— Specimens Present in the Body 
of the Truncated Log Normal Curve for Several 
Hundred Detailed Diatometer Readings in 
Soft, Hard, and Brackish Water Under Various 
Classifications of River Health 


ns in Bod f ¢ 
of 
Wate Healthy, Wit! Healthy 
No Evidence But 
of Organi Organically Polluted 
Enrichment Enriched 
Solt 8.000 5.000 1.500 
Hard 5.000 3.700 1500 
Brackish S000 1.000 1,500 


* Rounded to nearest hundred. 
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Biological surveys have shown that 
most rivers receive varying amounts of 
organic materials either from natural 
or domestic sources. This condition 
is expressed in the diatom population 
by the extension of the curve into a 
long ‘‘tail’’ as the result of one or a 
few species being abnormally abun- 
dant. In cases of this type, the speci- 
men number in the body of the curve is 
reduced to approximately 5,000, 4,000, 
and 3,700 specimens in soft, brackish, 
and hard water, respectively. 

In rivers that received varying 
amounts of toxic material severe enough 
to produce a drastically reduced flora 
and fauna, the number of diatoms 
present in the body of the curve was 
reduced to approximately 1,500. This 
number was the same for all three 
types of rivers under consideration. 
If the toxicity was severe enough, the 
entire diatom flora was eliminated. 

The important fact in regard to the 
present study is that regardless of the 
total number of specimens observed, 
the number of individuals in the body 
of the curve remained stable when 
enough of the diatom population was 
sampled to place the mode in the 1.5- 
to 2.5-interval range. The constant a 
has therefore been established in the 
short analysis procedure. 


Analysis of Data 


Onee the total number of specimens 
has been counted for a given river or 
estuary, the number of different species 
will also be available. An examina- 
tion of the data in Table IL shows there 
is a relationship between the number 
of species observed and the species in 
the mode. The height of the mode 
(species modal interval) may be 
expressed as a percentage of the total 
species observed. This percentage is 
very similar in fresh, soft, and hard 
Water rivers with means of 15.4 and 
15.1 per cent, respectively. Estuary 
areas had a higher mean value of 
17.1 per cent. 
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TABLE II. 


Dispersio 


Type of Water 


Soft 
Hard 
Brackish 


0.023 
0.028 
0.028 


It has also been found that the vari- 
ance o* and hence the dispersion factor 


l 
20° 


total theoretical universe is also quite 


necessary for calculation of the 


stable. The soft and hard water means 
are 0.215 and 0.218, respectively, with 
the brackish water 
0.234. The total theoretical 
can be estimated by substituting in the 
formula 


mean higher at 


universe 


N 


where N number of species in the 


universe, NV, = number of species. in 


the mode, and the dispersion 


l 
\ 


factor. The species in the mode and 
the dispersion factor are secured from 
Table II for use with the appropriate 


tvpe of water concerned. 


Short-Time Procedure 


From the treatment above, values of 
a, o°, and N, are obtained and it is pos- 


sible to construct curves and measure 
the theoretical universe from these. In 
detailed 
aspect of the census has been to insure 
that a is placed in the proper interval. 
It is a short-cut 


method for estimating 


readings, the time-consuming 


devise 
the 
specimens to be counted so as to place 
a in the required interval. The 
cedure here and hereafter 
ealled a ‘‘semi-detailed reading’’ 


desirable to 
number of 


pro- 


deseribed 


pre- 


Mean, Standard Deviation, and Standard Error of Mean for Several Hundred 
Detailed Diatometer Readings in Soft, Hard, and Brackish Water 


1961 


January 


Per Cent for ¢ lating Species in Mode 


Standard Standard 
rror ot Mean 
Mean Mean 


0.002 15.4 1.2 O.11 
0.004 15.1 1.0 0.13 
0.002 17.1 | 


sents a procedure for making this esti- 
mate in a very short period of time. 
Having such an estimate, it is only a 
simple calculation using the data of 
Table IL to the 
distribution curve and the theoretical 
The which fol- 
lows will illustrate the techniques for 


generate theoretical 


universe. discussion 
making this estimate and the assump 
tions on which the estimate rests. 

It must be kept in mind that the 
validity of the results of either a de- 
tailed or 
rectly dependent on the randomness of 


semi-detailed reading is di 
the sample placed on the cover slip. 
The relative density of the diatoms on 
the cover slip will not affect the aceu 
racy of the analysis except when they 
dif- 


Since the results are based on 


are so heavy that counting may be 
ficult. 
a given number of specimens observed 
and 
area, the number of diatoms per unit 


not on those present in a given 


area can be quite variable between 


samples and still give comparable re- 
It was found that 6 to 10 speci- 
mens per oil immersion field, depend- 


sults. 
ing on the size of the diatoms, is most 
satisfactory. 

the the 
cover slip has been made permanent 


Once random sample on 
(acid cleaned hyrax mount), it is ready 
The count- 
ing procedure is begun by starting at 


to be used in the analysis. 


either vertical edge of the cover slip a 
short distance from the top and by 
moving the mechanical stage in a hori- 
zontal tabu- 
late all species and specimens for each 
For 
accuracy of species determination, all 


direction to observe and 


species as they are encountered. 
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counting is performed using an oil im- 
mersion objective. After one row of 
the cover slip has been counted, the 
total species and specimen number as 
well as the specimens per species can 
be tabulated. 

Practice has shown that if the slide 
has been properly prepared, a one-row 
count is sufficient to give an accurate 
estimate of the diatom density. The 
average of three- and five-row counts 
have been compared with the one-row 
count on the same slide with no sig- 
nificant difference in the results. 


Results 


In order to illustrate the semi-de- 
tailed reading method, the results from 
a hard and soft water river are in- 
cluded in Table III along with the de- 
tailed reading results on the same sam- 
ples. The two readings from each river 
were performed independently by dif- 
ferent people to further illustrate the 
feasibility of the semi-detailed method. 
It should also be noted that detailed 
diatometer readings had not previously 
been performed on either of these rivers 
and that the semi-detailed readings 
were performed first. 

The one-row count from the Assun- 
pink Creek, New Jersey, a soft water 
river, gave the following results: 
Gomphonema parvulum Kutz., 132 
specimens ; Tabellaria floceulosa (Roth) 
Kutz., 65 specimens ; Eunotia pectinalis 
(Kutz.) Rabh., 39 specimens; Eunotia 
exigua (Breb.) Grun., 37 specimens; 
Eunotia pectinalis var. minor (Kutz.) 
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Rabh., 29 specimens ; Achnanthes lance- 
olata Breb., 29 specimens ; and 51 other 
species all represented by less than 29 
specimens each. There was a total of 
508 specimens for all species. 

The results of numerous detailed 
readings show that if the slide is made 
as described above, the count of one oil 
immersion row will give a_ reliable 
estimate of the density of diatoms on 
the cover slip. 

Using these data and those found in 
Table I, calculations can be made to 
determine how many specimens (oil 
immersion rows) are necessary to place 
the mode in the 1.5- to 2.5-interval 
range if the slide were completed as a 
detailed reading. 

Since the 10th interval of the trun- 
cated log normal curve is made up of 
species represented by 512 to 1,024 
specimens and at least 8,000 specimens 
must be counted to secure a reliable 
sample, it can be assumed that any 
species that occupies more than 10 per 
cent of the total first row count will 
fall beyond the 10th interval and can 
be considered a dominant. Only those 
species that fall in the first 10 intervals 
(body of the curve) are included in 
the calculation of the theoretical trun- 
cated log normal curve; therefore, the 
species represented by 132 and 65 speci- 
mens, respectively, can be disregarded 
since they occupy greater than 10 per 
cent of the first row total of 508 speci- 
mens. The remainder (311) is divided 
into 8,000 indicating that it will be 
necessary to count 26 oil immersion 


TABLE III.--Comparison of Semi-Detailed and Detailed Readings for the Potomac River, 


River Date Type of | Observed Dispersion Species in Theoretical 
ed Mode Universe 


Reading Species 


Potomac 


detailed 


Potomac, Md. 


Detailed 


N 


Assunpink 
detailed 


Assunpink, N. J Detailed | 174 


* Calculated from data in Table IT. 


Maryland (Hard Water), and the Assunpink Creek, New Jersey (Soft Water) 


Factor 


Md 9/5/57 | Semi- 112 0.218 


0.217 


J. 1/1/59 | Semi- 179 0.213 


0.220 } 14 


Specimens 
in Body 
| of Curve 


+ 0.028* 16.0" 136.9* 5,736 


(15.8-18.0) 113.8- 167.4) 


16.6 135.9 5,257 


te 


+ 0.023* | 229. 1* | 4,935 


25.4-29.7) 190.5-276.1) 


28.6 230.2 4,929 


| 
| | 


rows to complete the 


reading. This should also be the same 
area necessary to do a detailed reading 
with the mode falling in the 1.5- to 2.5- 
interval range. 

To further 
species retained will fall beyond the 
10th interval, the 
tion of 1,024 specimens is divided by 


insure that none of the 


highest representa- 
26, indicating that all species repre- 
sented by approximately 39 specimens 


should be considered as dominants, 
leaving a total of 235 usable specimens. 
The Assunpink River drains a marshy 


and. also 


area receives some domestie 
sewage and, according to Table I, 5,000 
specimens should be used as a_ base 


number of 
This 


may be calculated by dividing 5,000, 


number to determine the 


oil immersion rows to be counted. 


the base number, by 235, the specimens 
representing species that will definitely 
fall in the body of the curve 


The results indicate that 


usable 
specimens ). 
21 rows should be counted. 

The then 
completed by merely noting the num 


semi-detailed reading is 
ber of additional species observed in 
the counting of the remaining 20 rows. 
species when they are observed for the 
first time; the specimen tabulation has 
been eliminated by the calculation of 
the total The 
total elapsed time for a semi-detailed 
reading is usually 4 to 5 hr, rather than 
the 25 to 30 hr required for a detailed 
reading. 


necessary to tabulate only the 


rows to be observed. 


After the row counts have been com- 
pleted and the species number obtained 
(179), the height of the mode and the 
theoretical 
from the constants set 


be ealeulated 
Table 
Il. Completing the computations for 


universe can 
forth in 


the Assunpink data using the ecaleu- 
lated 15.4 of the 
total approximately 
27.6 species in the mode would be ex- 
pected. At the 95-per cent confidence 
level (15.4 + 1.2 
expected to be between 25.4 and 29.7 


The detailed 


mean percentage of 


species number, 


the mode would be 


reading showed 


spectes, 


JOURNAT 
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January 


28.6 species in the moc The theoreti 
cal universe can also be caleulated usine 
0.2153 
universe of 


the mean dispersion factor of 
which 


vives an estimated 


species. At the 95-per cent con 
(0.213 + 0.023 
190.5 and 276.1 species would be ex 
The detailed 


reading showed a theoretical universe 


fidence level between 


pected. results of the 
of 230.2 species. 

The total observed species for the 
reading 179 
pared to 174 for the detailed reading. 
Also, the same area on 


semi-detailed Was com- 
the slide and 


hence the specimens in the body of the 


curve, 4,935 semi-detailed and 4,929 
detailed, were quite similar. The simi 
larity of these two numbers further 


substantiates the validity of the one 
oil immersion row for estimation of 
total specimens in a given area of the 
cover slip. 

The results of the semi-detailed and 
detailed readings for the Potomac 
River, Maryland (Table II1), a 


water river, show a 


hard 
similar close cor 
relation between the two methods. 
Some 50 pairs of semi-detailed and 
detailed readings on rivers from vari 
ous parts of the United States, includ 
ing brackish water, have 
during the 
results show 


been per 
These 


between 


formed past year. 


good agreement 
the estimated data of the semi-detailed 
and the data from the cal- 
culated truncated log normal distribu- 
detailed 
This method has been successfully used 


reading 


tion based on the reading. 
in both healthy and polluted areas of 


rivers. 
Discussion 

A general estimate of the health of 
a river can usually be secured quickly 
through simple water chemistry and 
or a cursory biological study of the 
itself. The analysis of the di 
atom flora as collected by the Cather- 
Diatometer 
reliable 
health and it 
ployed as a continuous monitoring sys 


river 


wood can be used as a 


more measure of relative 


stream can also be em- 
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Tei ibsequent to detailed biological 
and chemical surves The diatometer 
can best be used much the same 
manner as a medical doctor uses a 


thermometer. sudden departure 
from the established normal body tem- 
perature of F 


that 


can be used as a 


warning something is amiss, but 


the exact cause may have to be de- 
termined by more complicated and ex- 
haustive analyses. The diatometer may 
be used in much the same manner as a 
method of 


health 


relative river 
Introduction of a highly toxic 


monitoring 


pollutant into a river is reflected in a 
The 
amount of this reduction is dependent 
on the severity of the pollutant. 

The number of 
body of the 


reduction of the diatom diversity. 


specimens in the 


curve may vary slightly 
between rivers even though they may 
be quite similar in their chemical and 
characteristics. 


ecology ical 


The num- 
bers given in Table | are an average 
for all soft, hard, and brackish water 


There 


were insufficient data available to give 


areas studied at the Academy. 


reliable average numbers for the indi- 
vidual rivers 
The 


ht the observed species, species in the 


per cent reduction or increase 
mode, and the theoretical universe nee- 
a significant difference 
populations, 
established. 
with the use of chi-square as a measure 
of the probability that two sets of data 


to show 


essary 


between has not been 


firmly Preliminary tests 


have been drawn from populations that 
have the normal 


distribution, indieate that a change of 


same theoretical log 


30 per cent or more may be statistically 


significant. Much more data will be 
necessary before these limits can be 
established reliably. 

Summary 


From the preceding data, it is evi- 
dent that a short method, called a semi- 
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detailed reading, can be used to esti- 
mate reliably the strueture of the dia- 
tom flora as it would appear if a de- 
tailed 


taken. 


under- 
Using the mean values for the 
specimens in the body of the curve, dis- 


reading analysis were 


persion factor, and the per cent of the 
observed species present in the mode, 
the species in the mode and theoretical 
universe can be calculated reliably. 
The standard deviation is listed 
so that the range of the %5-per cent 
confidence level can be calculated. 

In the two samples cited, a hard and 
a soft water river, and 30 other pairs 


also 


of readings, there is good agreement 
between the the 
tailed and detailed readings. 


results of semi-de- 

Although a general average of speci- 
mens in the body of the curve can be 
secured for many rivers, this number 
should be used only as a general guide 
with more reliable limits being estab- 
lished from several detailed 
for the river concerned. 


readings 
The semi-de- 
tailed reading undoubtedly will become 
more reliable as a greater number of 
detailed reading analyses become avail- 
able. 

The per cent change in species diver- 
sity, as shown by the chi-square test, 
to indicate significant 
between has not 


difference 
been reli- 
The few preliminary 
studies available indicate that a 30-per 
cent or more change may be significant. 

The semi-detailed reading as out- 
lined in this paper can be used as a 


samples 
ably established. 


method to monitor a river or estuary. 
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EFFECTS OF CHROMIUM ON THE 
ACTIVATED SLUDGE PROCESS 


The objectives of these studies are: 


1. To determine the extent to which 
sewage treatment processes can tolerate 
metallic wastes without losing efficiency 
in their treatment of the organic pol- 
lutants in sewage. 

2. To determine 
moval of metallic 
treatment plants and to follow their 
travel and 
units of conventional sewage 


the extent of re 


wastes in sewage 
concentration in various 
disposal 
processes. 

3. Where a need and 
practical, to develop modifications of 
treatment which 
will make them more tolerant of metal- 
lie wastes, or to 
ficient 


sewage. 


exists where 


sewage procedures 


make them more ef- 


in the removal of metals from 


It is believed that the objectives will 
It is ex- 
pected that the data gathered will assist 
sewage disposal authorities in deter 
mining the 
istics of metallic wastes which may be 


serve a number of purposes, 


quantity and character- 
accepted without fear of damaging op- 
Further, it is frequently ef- 
ficient and desirable for industry to be 
able to municipal 
handle their wastes. 
munity and its industries as a mutually 
dependent group, it 


eration. 


use resources to 


Viewing the com- 


is obviously de- 
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Industrial Wastes Conference in Stillwater, 
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J. W. Mandia, and M. B. Ettinger 


have 
optimum 


sirable to 
termining 
waste 


rules for de- 
distribution of 
effort the 
municipal and industrial waste treat- 
ment facilities. 


eround 


treatment between 


Numerous studies have appeared in 
the literature in the 
effect of metals on biological processes. 
Unfortunately, practically all of these 
have been confined to bench experi- 


recent years on 


ments which have not reasonably simu- 
lated plant situations and the results 
obtained are not necessarily applicable 
to either the pilot plant or large seale 
treatment of 
the literature experl- 
ments will not be reviewed and only 


sewage. For this reason 


covering these 
those references which might apply to 
These 


studies, for instanee, do not show the 


the present study will be cited. 


effects a given metal will have on the 
plant 
the influent 


efficiency of a treatment when 
received continuously in 
sewage or in slug doses. 
In view of the conflicting data ap- 
pearing in the literature it was decided 
to study the effect of various metals 
the ac- 
tivated sludge process on a pilot plant 


and combination of metals on 


scale. Chromium, due to its wide use 
in electroplating and tanning indus- 
tries was selected as the first metal to 
be so studied. 


Plant Description and Operation 


The shape and dimensions of the 
pilot model activated sludge units used 
for studying the effect of continuous 
shown in Fig- 
The units were constructed of 


doses of chromium are 
ure 1. 
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FINAL 
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ON ACTIVATED SLUDGE 


AERATOR 


FIGURE 1.—Activated sludge pilot plant No. 1. 


thin sheet steel coated 


metallie paint to 


with a 
minimize 


non- 
eorrosion 
and the addition of extraneous metal 
ions to the sewage and to prevent plat- 
ing of added. The 
narrow to limit 
short circuiting and to attain spiral- 
type flow. The car- 
borundum diffuser tubes, two inches in 
diameter. 


metal ion being 


aeration tanks were 


aerators were 


Sewage was delivered to the plant 
from a small constant head tank which 
fed metering pumps of the rubber-tube 
The head 
tank was filled from the sewage storage 
tank on signal from a capacitor-ae- 
tivated liquid level control. The eon- 
tents of the tank were 
tinuously mixed by means of a cireu- 
lating system which pumped from the 
bottom and returned to the mid-section 
of the tank. 


nursing design. constant 


storage 


con- 


This sewage feeding sys- 


tem was developed to permit feed of 
a sewage of relatively constant strength 
with minimum loss of strength during 
feeding. The constant head tank was 
kept mixed with a propeller-type 
stirrer. Primary sludge was drawn 
by gravity flow on a _ once-per-day 
schedule. Sludge from the secondary 


settler was continuously pumped by 
nursing type pumps directly to the 
head of the aerator. 
sludge 


Excess activated 
was removed 
aerator liquor. 

The feed rates, retention periods, 
loading factors, and other operating in- 
formation are listed in Table I. The 
quantity of air used was not measured 
because oxygen transfer by aeration in 
full seale units is not subject to re- 
production in the size of model treat- 
ment plant employed. Sufficient air 
was supplied to maintain a dissolved 


once daily as 
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oxyvven level of one milligram per liter 


or the onary settles 
hatant. 


matter in the aerator liquor of 1,800 to 


r 


A concentration of suspended 


2,000 mg/l was the general objective. 
maintained in 
order to permit variation of the solids 
level in a 
range of practical operation. 


Close control was not 
over the 
The re 
turn sludge rate general objective was 
30) per cent of the flow 
This return was also permitted to vary 


random manner 


raw sewage 
in a random manner to cover the range 
of normal operation 

The metal was fed as a solution of 
means of a 
capillary tube control on a constant 
head vessel. A constant 
mate feeder 
tained with a Meriot bottle system in 
which the flow of air into the bottle to 
replace discharged fluid is governed by 
the level in the head 
vessel. The feeder delivered 0.6 mil 
min of chromate solution to the tube 


potassium chromate by 


level ot chro 


solution in the Was at 


water constant 


TABLE I.—Design Data and Loading Factors, 
Activated Sludge Pilot Plant 


Capacity (gal) 

Detention, time, (h 

Surface overflow rate 
gpd sq ft surface area 


AERATION 


Capacity (gal) 

BOD loading (ib day 
cu ft aeration tank 
volume) 

BOD loading 

ib day Ib VS) 
Aeration period (hr){ 


1.000 


Capacity (gal) 

Detention time (hr)} 

Surface overflow rate 
gpd sq ft surface area 


* Feed rate, 147 gpd 

+ Feed rate, 95 gpd 

t Based on total tank vol 
sludge not considered 


WPCE 


carrying sewarve to the primary settles 


settler 


chromite content 


just at its entrance to the 
Variations im the 
of the feed were generally less than 10 


per cent. 
Ne uw Sigit 


The 


design accomplished satisfactory treat 


activated sludge units of this 
ment: however, certain operating prob 
lems were present. The hoppers of the 
primary and secondary settling tanks 
retained small portions of sludge which 
had to be moved to the drain by manual 
scraping. The accumulated sludge in 
the secondary settler was removed by 
hand twice a day and returned to the 
aerator. It was impractical to main 


tain even air flow distribution alone 
the aeration chamber and this uneven 
air flow roll in 


caused a longitudinal 


the aerator much of the time and de 
stroyed the desired spiral flow pattern, 
The paint blistered and exposed steel 
surtaces 

To solve these difficulties a new plant 
was constructed of the design shown in 
Figure 2. The units were constructed 
of acrylic plastic to avoid corrosion and 
plating factors. 
tler 


steep 


The shape of the set 


was altered to create extremely 


sides in order to prevent pro 


The 


Was TO ap 


longed hold-up of any sludge 


conception of the design 
proximate a pie-shaped section of a 


circular sedimentation basin, the. ¢ir- 


cumferential section being short enough 


to be approximated by a plane. The 


three walls were then sloped sharply 
the 


inward to intersect at an apex at 
bottom. 

The aerator was separated into six 
chambers by baffles in order to control 
longitudinal mixing and thereby nearer 
There 


in. diameter cireular open 


approximate spiral flow design. 
Was one 1, 
ing in each chamber. The holes were 
placed alternately top and bottom and 
left and right 
that the flow each 
was from the top at one side to the bot 
the 


side ot the aerator so 


through chamber 


tom on other side or vice versa. 
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PRIMARY 
SETTLER 


AERATOR 


Carborundum air diffusers two inches 
in diameter were used. 

The plastic unit was used for chro- 
mitm slug testing. Feed rates, reten- 
tion periods, and other information are 
also listed in Table I. 
design prevented prolonged sludge ae- 


The new settler 


cumulation, A good flow pattern in 
the primary settler was achieved with 
a_ baffle inlet extending 
the lower levels of the settler. The in- 
tended to itself in a 


horizontal layer near the lower end of 


near the into 


flow distribute 
the baffle and rise vertically to a thin 
surface layer which moved horizontally 
to the weir. The achievement of such 
a flow pattern in the secondary settler 
Regardless of how it was 
inflow of 


was elusive. 
baffled the liquor 
caused a pronounced roll in the settler 
when the feed near the surface. 
Operation with roll 
achieved by placing the inlet at about 
one-third the depth above the apex. 


aerator 


Was 


minimum Was 


The incoming sludge could be observed, 
in normal operation, to settle as a layer 
at the interface of the sludge and the 
supernatant and to fall as a slug ver- 


FIGURE 2.—Activated sludge pilot plant No. 2. 


EFFECTS ON ACTIVATED SLUDGE a7 


FINAL 
SETTLER 


A thin 


film of sludge accumulated at times on 


tically down to the return line. 
the sloping walls. This was squeezed 
free each day. 

The digesters were five-gallon @lass 
carboys equipped with gas collectors of 
the water displacement type. The di- 
gesters and gas collectors were housed 
in a constant temperature room main- 
tained at 30°C. The 
fed once a day with scheduled quan- 
tities of primary and excess activated 


digesters were 


sludge in the ratio of 64-per cent pri- 
mary sludge and 36-per cent excess 
activated volatile solids 
basis. This ratio of volatile solids in 
the primary and activated 
sludges was estimated, when the study 


sludge on a 
eAXCeSS 


was started, as likely to approximate 
actual production of the pilot plant. 
This proportion proved to agree within 
about 3 per cent to the proportions 
actually produced in the unit receiving 
chromium. 


Operation 


The digesters were thoroughly agi- 
tated once a day by hand shaking and 
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a volume of mixed digester contents 
equal to 1/26 of the digester volume 
withdrawn. Thus, the average deten 
tion time in the digester was kept con- 
stant at 26 days. The digested sludge 
withdrawn was, therefore, what would 
be the combined supernatant and di- 
gested sludge of normal operation ; the 
solids content was correspondingly low, 
ranging from about 0.5 to 1 per cent. 
This concentration of solids was neces- 
sary to facilitate sampling. 

The withdrawal of sludge and super- 
natant from the digesters used for test- 
ing the effect of slug doses of chromium 
was handled in a different manner. A 
volume of supernatant exceeding the 
scheduled sludge feed was withdrawn 
before mixing. The sludge then 
fed and the liquid volume made up to 
a constant level with supernatant just 
previously withdrawn. Digested sludge 
was not removed from these units dur- 
ing the short test period. 

The digesters were fed in the early 
weeks of operation at a rate of 5 g 
day of volatile solids. 
increased to 10 g/day of volatile solids. 


Was 


Later this was 


It was necessary to estimate the quan- 
tity of seed sludge corresponding to a 
balance of these feed rates and reten- 
tion periods at the start of each study. 
Several months’ operation was required 
before the sludge quantity in the di- 
gester actually levelled off. 
loadings and operating data are listed 


in Table II. 


Digester 


Sewage Feed 

Concurrently with the design and 
construction of the pilot plants it was 
find an 
adequate means of fortifying the sew- 


necessary to economical and 
age received in the experimental wing. 


This sewage, while of domestic origin, 


TABLE II.—Design Data and Loading Factors 

for Digesters 
Capacity (cu ft 0.67 
Detention (days 26 
Volatile solids loading (Ib/day/1,000 
F cu ft digester volume 


January 1961 


had an average BOD of about 75 me/1 
because of high ground water infiltra- 
tion. Various mixtures of supplemen 


tal foods were evaluated for use in 
changing the BOD and behavior pat 
terns of the 
ordinary domestic sewage characteris- 
It was found that the cheapest 
suitable food vround doe food. 


Various brands of dog food were tried 


sewage to conform to 
ties. 
was 
before one finally was selected. Four 
hundred the were al 
lowed to overnight and then 
homogenized in a large blender. This 
full 
The ad- 
the 
and 


grams of meal 


soak 


homogenate was then added to a 
tank (325 gal 
dition of this supplement raised 
BOD to about 260 me/1 
the sewage so produced showed charac 


of raw sewage. 
average 
teristic behavior. 


A nalytical Me thods 


With the exception of the determina 


tion of solids in primary sludge, aera- 


tion liquor, digested sludge, and the de- 
termination of chromium, the methods 
used in this study conformed to those 
given in ‘‘Standard Methods’’ (1 

In the sludge 
aluminum dise was not 
filtered 
Buchner funnel with paper.* 


the 
and the 
directly on a 


case of solids 
used 
sludge was 

The determination of total chromium 
in the raw sewage and various units of 
the plant 
carried out by two variations of the 
the 
In both eases the organic 


(including digesters) was 


basic procedure with essentially 
same results. 
matter was destroyed by fuming with 
H.SO, and HNOs. 


tion it has been postulated that a loss 


In this determina- 


of chromium occurs (if Cr*® is present 

in the presence of chlorides and, there- 
fore, all chromium should be reduced 
to the trivalent state prior to destruc- 
tion of the organic matter. However, 


just what coneentration of chlorides 


must be present for this loss to oeecur 
has never been thoroughly investigated. 
From results the 


some unpublished 


* Whatman No, 40. 
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lower limit has been set at about 100 
me/l, this concentration being higher 
than that normally encountered in this 
study. In the presence of organic mat- 
ter, Cr*® is rapidly reduced to the 
trivalent state on boiling with an 
H.SO,-HNO, mixture. With sludges, 
particularly digester sludge, it was 
necessary to fume the sample several 
times with this acid mixture before all 
organic matter was destroyed and a 
clear residue obtained. In one modi- 
fication used, the Cr’® was first reduced 
with sulfite and the sample was taken 
to fumes the necessary number of times 
to destroy the organic matter and then 
fumed for 15 min without being taken 
to dryness. The digestate was then 
diluted and the trivalent chromium 
oxidized with KMnO, (the excess of 
which was then destroyed with sodium 
azide), filtered through a sintered glass 
crucible, and the chromium determined 
on the whole or aliquot (depending on 
its concentration) using diphenylear- 
bazide. Absorbance readings were 
made on a spectrophotometer after 5 
min but not later than 15 min. The 
other modification used, consisted in 
destruction of the organic matter in 
the usual way and then fuming to dry- 
ness. The residue was taken up in 1-1 
H.SO,, boiled and then diluted. The 
silica was filtered off and the filtrate 
made up to volume. The chromium in 
an aliquot was then oxidized with 
K MnO, and the color developed in the 
usual manner. As stated previously, 
both modifications gave essentially the 
same chromium recovery. 

High concentrations of ehromium 
were determined by oxidation of the 
trivalent form to Cr‘® after destruction 
of the organic matter. The hexavalent 
chromium was then titrated with a 
standard solution of ferrous ammonium 
sulfate using ‘‘ferroin’’ as the indi- 
eator. 


In plant operation and special stud- 
ies, in addition to the determination of 
total chromium, it was also necessary 
to determine hexavalent chromium. 
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This was especially true at the higher 
chromium feed rates. In determining 
hexavalent chromium, the sample was 
filtered by means of a membrane filter. 
This filtrate was perfectly clear and 
hexavalent chromium could be deter- 
mined with no difficulty in the usual 
manner. 


Sample Collection and Preservation 


Samples for efficiency studies of the 
unit continuously receiving chromium 
and the control unit were collected by 
hand at approximately hourly intervals 
and composited for a seven-hour pe- 
riod. The samples were refrigerated 
during the compositing period and held 
in a refrigerator overnight before anal- 
ysis on the following day. 

Samples for studies of the effect of 
slug doses of chromium were collected 
by means of a swing-tube solenoid- 
actuated automatic sampler. The sam- 
plers diverted the stream to be sampled 
to a compositing earboy on signal from 
a timing device. The timing device 
was set to collect the flow during about 
two seconds of each minute. The 
compositing periods are reported with 
the experimental data. These samples 
were kept in ice chests or refrigerated 
prior to analyses. 

For purposes of material balances 
for chromium in the continuously dosed 
unit, samples of the effluent were col- 
lected continuously, 24 hr/day, 7 days / 
wk, by means of an automatic sampler. 
The effluent samples were composited 
over seven-day periods. The seven- 
days’ accumulation of sludge was 
placed in a large tank and stirred me- 
chanically prior to and during with- 
drawal of a sample. Samples of the 
mixed liquor at the beginning and end 
of the compositing periods were col- 
lected by dipping equal small quan- 
tities at regular intervals along the 
length of the aerator. 

The digesters were routinely sampled 
for their mixed contents. The di- 
gesters were shaken vigorously by hand 
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preceding and during a withdrawal of 
the samples. 

Experimental Data 
Continuous Feeding 


Two basic problems were present in 
the concentration at 
which the effects of a gviven metal ion 


this study: (a 


are felt when received continuously in 
the influent of an activated 
treatment plant, and (b) the 


tration necessary to have an immediate 


sludge 


concen- 


effect on a plant and the time required 
for this plant to recover from a ‘‘slug”’ 
dose of the metal in question 

The effeets of five 
(from 0.5 to 50 me/] 
chromium were studied. 


concentrations 
of hexavalent 
The two low 
est concentrations were fed for ap- 
proximately one month while the other 


three were studied for at least a six 
week period. The effects on BOD. 
COD, and suspended solids removal 


are viven in Table III. In this table it 
that the BOD load 
in both the ¢chromium-fed and control 
units was essentially the same, the 5 


is shown average 


day BOD comparing with what would 
treatment 


be expected in a sewave 
plant receiving primarily domestic sew 
age, The BOD removal in the primary 
tank is also normal with respect. to 

No logi 
the 


higher BOD removal in the primary 


larger scale plant Operation, 
cal explanation can be offered for 


settler during the last period of opera 
tion since the data for both the control 
and chromium-fed units are uniformly 
higher. 
BOD 
tween 


The over-all plant removal of 
little 
units 


difference be 
first 
Ilowever, when 50 me/] 


also shows 
the 
four periods. 
of Cr*® 
removal obtained was about 3 per cent 
lower for the 
Limited sienificance can be 


two during the 


was being fed, the average BOD 
chromium-fed unit. 
placed on 
this figure since during the feeding of 
ame lof Cr'® the unit showed an aver 
age BOD 
than the control. 

By a COD check the presence of Cr* 


removal 2 cent higher 


per 


WPCE January 1961] 
had little effect on the removal of or 
ganic matter except possibly during the 
last period when the removal by the 
chromium-fed unit about 4 
per cent lower than that of the control. 
This could be due to the fact that dur 
ing this period the final effluent was 
turbid, the 
therein approaching colloidal size and, 
therefore, not 


averaged 


more solids contained 


being determinable as 
suspended solids. 
It had 


presence of 


the 
the 
which would 


thought that in 


matter 


been 
organie 
might be reduced to Cr 
serve as a coagulant at the prevailine 


pil of the This 


would lead to higher solids removal in 


sewave 


naturally 


the primary unit Jlowever, as shown 


in Table TTI, 


between the control and the chromate 


there Was ho difference 


fed units in solids removal in the pri 


mary tanks. Further, the aetual solids 


removal are in line with those found 


in larger plants. This suggested that 
the Cr 
the hydroxide and was not aeting as a 
Udy 2 pomts out 
that the hydrous oxide Cr.O,-H,O is 


formed and may be either a positively 


Was not being precipitated as 


flocculating agent 


or negatively charged particle depend 
ing on the pil. Only 10 me/l of chro 
mium were reduced and precipitated 
with the highest chromium feed. Some 
of the reduced chromium also passed 
out of the primary in the effluent. Ta 
ble ILL indicates that the over-all plant 
removal of suspended solids was high 
that 
concentration 


regardless of the chromium 


both 


and 
feed 
equally efficient. 


units were 


During the periods in which 0.5 and 


2.0 mye | of Cree were beine fed, the 
concentration of soluble chromium = in 
the final effluent was negligible. With 


the 5.0 mg/l feed the hexavalent chro 
mium was usually than 1.5 me/] 
in the final effluent and the total chro 
mium 


less 


than 2.5 me/l. However, 


less 


When 50 me | were beine fed eontinu 


ously the primary effluent usually con 
about 40 me/1 of 


hexavalent 
chromium and the final effluent around 


tained 
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TABLE III. Effect of Hexavalent Chromium on Plant Efficiency 


Primary Final | Plant Removal 
Raw Per Effluent Efficiency 
mg | feduction 
mg |) mg | per cent) 


Con Con Cr** Con Con Con- 
Fed trol Fed trol Fed trol Fed trol Fed trol 
Unit Unit Unit Unit Unit Unit Unit Unit Unit Unit 


Averace BOD 


Aug. 20-Oct. 2 0.5 6 268 259 S80) ISO $3.5, 30.4 14.8) 14.7 94.3 |) 94.3 
Oct. 3-Oct. 31 20 7 288 199 | | 22.4; 28.3 | 16.2); 18.9 | 93.2 93.5 
Oct. 31-Dee. 19 5.0 314 192 73 35.8 44.4 10.9 14.90 G49 
Dec. 19-Feb, 25 15.0 206 193 10S 39.8 32.8 15.9 2.7 95.0 95.7 
Keb. 25-Apr. 24 50.0 s 253 | 263 138 | 119 | 45.5 54.8 | 20.9! 13.0 | 91.7 | 95.1 


Averace COD 


Aug 270 52.0 


2 Oet 


Oct. 3-Oct. 31 7 27 147 207 | 305 65.0 5.5 
Oct. 31-Dee. 19 5.0 103 16, 312 285 6.7 12.5 | 74.0: 75.0 | 85.0 | 84.9 
Dee, 19 25 15.0 158 Wiz 204 277 40.7 96.0 83.0 79.0) 82.2 
Feb. 25- Apr. 24. 50.0 227 | 43.1 44.1 | 67.0) 49.0 | 83.7 | 87.9 


SPENDED 


Aug. 20-Oct. 2 303 145 146 | 52.5 55.1 2.0 13.0 96.3 95.7 
Oct. 3- Oct. 31 2.0 7 | 254 138 45.0 20.0 9.0 96.5 
Oct. 31-Dee. 19 5.0 312 157 144 107 4.4 12.0) 13.0 | 96.2 | 95.9 
Dec. 10 Feb. 25 15.0 207 267 135 119 | 49.3 | 55.4 | 13.0 90 95.1 96.6 
Feb, 25 Apr. 24 50.0 207 270 115 114 58.5 | 57.8 | 12.0 10.0 | 95.7 | 96.3 


of hexa- 
in the 


sludge 


forms. A further reduction 
valent) chromium took 
tank. The 
particles served to adsorb and reduce a 
portion of the soluble chromium 
well as the finely divided precipitated 
This caused a buildup of 
total chromium in the aerator. Table 
IV shows that this buildup increased 
markedly with 
fed to the raw sewage when expressed 


30 me/l. Only occasional spot cheeks 


were made of the hexavalent and total place 


chromium. As will be discussed later, aeration activated 


found 


it was 


possible to reduce the 
of the final effluent 
toa much lower level 

In the effluent from the primary tank 
the both 
non-settleable precipitated and soluble 


chromium content as 


chromium. 


chromium was present in 


increasing chromium 


TABLE IV.--Buildup of Chromium in Primary 
and Aerator Sludges 


on a milligram per gram suspended 


solids basis. There naturally was a 


fluctuation in this value due to fluetua- 


* Highest concent: 


ation reached was 93, 


88) Contents the aerator. The values given in Table 
IV, therefore, are average values that 

0.5 0.36 1.0 express the chromium concentration at 
the various chromium feed levels. When 
() the study was coneluded a concentra- 
50.0 5.4 66.0" tion of 93 mg of chromium per gram 


of suspended solids or 9.3 per cent had 
been reached. 
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Slug Dose Feeding 


There 


stances 


number of in- 
the literature of 
activated sludge plants receiving chro- 


have been a 


recorded in 
mium in slug doses. One such case is 
reported by Jenkins and Hewitt (3) 
in which a maximum concentration of 
320 meg 
the influent 
Nussberger (4) report 
of two slug doses of chromium at an 
plant. the 
slug dose the contained 


| of chromium was received in 
and 
the occurrence 


Edwards 


sewave. 


activated sludge 


first 


During 
influent 
130 mg/l of chromium for approxi- 
mately 30 min. The following day a 
second slug dose Was received for ap- 
During this 
latter period the influent sewage con- 
tained 1,440 me The 
results of these doses were reflected in 
a higher BOD in the effluent and ceas- 
ing of nitrification. 

In this study of the effeets of slug 
doses of Cr*® on 


proximately two minutes 


of chromium. 


the activated sludge 
proeess concentrations of chromium of 
10, 100, and 500 meg These 
concentrations were fed over a period 


were used. 


of four hours to activated sludge which 
had had no previous contaet with chro- 
mium. During the first 12 hr, 
posite samples were taken over 4-hr 
periods and at thereafter 


com- 


intervals 
until the unit returned to normal op- 
eration. The plant efficieney prior to 
the had fol- 
lowed for at least two weeks. The data 
Table V show that the feed- 
ing of 10 mg ‘1 over a 4-hr period had 


feeding slue dose been 


as given in 


TABLE VI. 


Tote 
Hexa Pota Potal 
Chro- 
alent Chre 
Fed Fed Primary 
Sludge 


Aug. I8-Sept. 16 0.5 1.202 0.089 
Oct. 3-31 2.0 6.238 O.454 
Oct. 31—-Dee. 19 5.0 16.73 0.705 
Dee. 19-Feb. 24 15.0 56.1 1.45 
Mar. 9-30 50.0 183.0 2.44 
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no effect whatsoever on plant per- 
formance. The rise in suspended solids 
in the effluent after four days was due 
to bulking in the secondary settler. 
When a slug dose of 100 mg/l of Cr*® 
was used, the plant efficiency, as meas- 
ured by BOD removal, dropped about 
3 per cent during the first 24 hr. The 
drop in COD removal was greater. 
Recovery was rapid. This was 
true for the suspended solids removal. 
When a slug dose of 500 mg/l was fed 
over a 4-hr period the effect was strik- 
ing and was noticeable even during the 
period of feeding. Plant efficieney as 
measured by BOD and COD removal 
continued to drop for about 32 hr and 
then started to and after 4 
days the unit was again operating nor- 
mally. The plant effluent was quite 
turbid for about 24 hr with a conse- 
quent increase in suspended solids. 

One effect of hexavalent chromium 
on sewage systems which has been noted 
by many workers is the inhibition of 
nitrifying bacteria. Jenkins and Hew- 
itt (3) stress this point in their ae- 
tivated sludge studies. Placak ef al. 
that this fact could 
in determination of the car- 
bonaceous demand of sewage samples. 
It was found in this study that nitrifi- 
cation was inhibited for approximately 
10 days even at the lower hexavalent 
chromium levels and then proceeded 
regardless of the concentration of chro- 
mium fed. Clearly, nitrifying bacteria 
ean acclimatize to the constant presence 
of chromium. 


also 


recover 


(5) also suggest 


be used 


Chromium Distribution and Recovery 


Total Total Net Cc 
hromium Chro Change of 
in Excess mium Chromium 
> Re- 
Activated Plant in Aerator 
covered counted 
Sludge Efhuent Solids | 
For 
2) 


0.743 0.258 +0.064 1.108 92 
O.862 2.78 —0.05 1.73 76 
5.32 6.44 +3.17 13.1 78 
15.4 31.5 +13.9 19.7 89 
16.8 162.0 —6.9 178.0 97 


_ 
Vo). 33, No. 1 
9 
| | 
= 


64 JOURNAL WPCF January 1961 


Chromium Distribution and Recovery 


From the weekly composites of pri 


mary sludge, excess activated sludge, 
plant effluent, and a composite grab 
sample of the aeration liquor at the 


m 


end of the week and knowing the total 
chromium fed it was possible to de- 


Potal Chromium 


termine the per cent recovery of the 
¢hromium and its distribution. The 
results for the various chromium levels 
used are presented in Table VI. For 
the two higher concentrations of chro- 
mium used, more than 50 per cent of 
the chromium appeared in the plant 
effluent. This was both hexavalent and 
insoluble trivalent chromium. In the 
case of the 50 mg/l feed, more than 90 
per cent was in the hexavalent form. 
In accounting for the amount of chro- 
mitun fed it must be recognized that 
sampling, laboratory analyses, and flow 
measurements are involved. Without 
careful attention to these factors wide 
discrepancies in the per cent chromium 
recovered can be obtained. The results 
(Table VI) show a fairly high degree 
of accuracy considering the multiplie- 
ity of factors involved. 


Chromium Removal with Biological 
Re ductor 


Hexavalent Chromium Removal with Reductor 


per cent 


The large amounts of chromium pass 
ing the system with the 50 mg/1 chro- 
mate feed were considered as a pos- 
sible menace to receiving waters. A 


TABLE VII. 


simple modification of the activated 
sludge process to reduce chromium 
loss was sought. An auxiliary tank 
was installed to which both the pri- 
mary effluent and return sludge were 
diverted. The effluent of this tank 
then went to the aeration basin. The 


tank was stirred but not aerated so 
that it acted as an activated sludge 


6 fed during run was 46.5 mg/l 


restarted May 


plant with chromate serving as the 
principal source of oxygen. The pilot 
plant was operated on this basis for 
approximately one month During 
this period the average hexavalent 
chromium fed was about 47) me/I. 
Previous to the »un, the average chro- 
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CHROMIUM 


mit in the plant effluent had been 
10 me |. Table VII shows that 
this method of operation resulted in 


about 


the removal of more than 90 per cent of 
the chromium fed. The chromium ap- 
pearing in the plant effluent was all in 
the reduced insoluble state. The sludge 
in the reductor unit as well as that in 
the 


in color. 


aeration basin became dark gray 
Ilowever, plant efficieney as 
BOD remained 
well above 90 per cent during the pe- 
riod of The BOD of the 
plant effluent decreased as the time of 
of the 
progressive Increase in plant efficiency, 
that the 
plant could have continued operating 


measured by removal 


Operation, 


operation increased. view 


it Is reasonable to believe 


satisfactorily indefinitely. 


Sludge Digestion 
sf Proce dure and Re sults 


In Table VIII the data obtained dur 
ing the operation of the two digesters 
When the various chromium concentra- 
fed 
primary and 
the chromium 
insoluble state. 


tion levels were being are 


both the 
PX CESS activated sludge 


sum- 
marized. In 
was all in the reduced 
Coburn (6) in his discussion on toxie 
that the 
chromium transferred to the digesters 


wastes stated precipitated 


along with the sludge would produce 


a toxie action thereby slowing up or 


TABLE VIII. 


Chromium Ranges in 
Digester 


me 


Aug. 20-Oct. 2 0.5 11.2*-21.0; 1.04 
Oct. 3-31 2.0 21.0- 27.6!) 1.69 
Oct. 31—Dee. 19 5.0 27.6-— 72.0; 3.16 
Dee, 19-Feb, 25 15.0 72.0-200.0 | 14.5 
Feb. 25-Apr. 24 28.0 


liable records were obtained. 


EFFECTS ON ACTIVATED SLUDGE 


Gas Production in Terms of Volatile Solids Fed and 
Chromium Ranges in Digester 


Unit had operated at this chromium level for approximately six weeks before sufficiently re- 


65 


Table VIII shows 
that regardless of the chromium con- 
centration in the digester, 
tion not affected, being 
higher in the chromium loaded digester 
than in the control. The per cent CO. 
in both digester gases was found to be 
During the en- 
tire period of operation a digester was 
limed only once, the pH of both being 
fairly constant between 6.8 and 7.0. 
If trivalent chromium in solution had 
added directly to the 
deleterious effects could possibly have 
occurred. This was 
substantial amounts of soluble trivalent 
chromium would require a pli of less 
than 4, which is not likely to be en- 
countered in sludge pumped to a di- 


gester. 


stopping digestion. 


gas produe- 


Was often 


essent ially the same. 


been digester 


not done since 


A digester was fed with freshly eol- 
lected) primary and excess activated 
sludge from the pilot plant while it 
was receiving 50 mg/l of Cr°® continu- 
ously. Both the total and hexavalent 
chromium content of these sludges are 
given in Table IX. 
fed on the 7th day and then from the 
15th through the 21st days. The hexa- 
valent chromium concentration 


This digester was 


( based 
on digester contents) was about 3 me/1. 
Figure 3 shows that this concentration 
of fed had 


effect on gas production. 


hexavalent) chromium no 


COe Co » 

Ii Gas Production 
ml g VS fed 

per cent) 


Digester Digester 

Chromium " Fed Sludge Fed 
Ss Fed Control _ From Sludge 
Digester Chromium From 
Receiving Control 

Unit Unit 


1.69 26.0 25.0 769 622 
3.16 27.0 26.0 710 OSO 
14.5 27.0 28.0 649 800 
28.0 26.0 26.0 O66 704 
S46 | O17 


| 
x 
Level in 
Feed of 
Period 
Activated 
ere 
Plant 
ma me | 
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TABLE IX.-—-Chromium Content of Fresh Sludge Fed to Digester* 


Content of Feed Total Chromium Content of Feed 


Sludge 
Identification Suspended 


Solid 


oncentration 
me t 
mez 
Primary sludge 3 j 330 
Excess acti- 
vated sludge 3: 530 530 


* Sludge taken from pilot plant while receiving 50 mg/l hexavalent chromium continuously. 


Another digester with no previous there was no noticeable difference be- 


history of receiving chromium was fed tween the operation of the two di- 
fresh primary and excess activated  gesters. The average gas production 
sludge from the pilot plant which had for the chromium fed and control di- 
received a slug dose of 100 mg/l of  gesters per gram of volatile solids fed 
hexavalent chromium. The chromium was 702 and 687 ml, respectively. Still 
fed was both in the hexavalent and another digester was fed with fresh 
reduced form and the feed contained — solids from the pilot plant receiving a 
’.5 mg chromium per gram of sus- slug dose of 500 mg/l of hexavalent 
pended solids fed. Figure 4 shows that chromium. No determinations of the 
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FIGURE 3.—Effect on digesters of fresh sludges from activated sludge 
plant receiving 50 mg/l chromium continuously. 
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FIGURE 4.—Effect on digester of sludge from 100 mg/1 slug dose to 
activated sludge plant. 


chromium were made but 
in the case of this digester it would be 
about 30 mg/l (based on digester con- 
tents). Here again, no effect was noted 
on gas production. 

Since the feeding of reduced chro- 
mium or a combination of reduced and 


hexavalent 


hexavalent chromium had no apparent 
effect on digester operation the effect of 


a slug dose of hexavalent chromium 
alone was explored. This was done by 
adding directly 300 mg/l (based on 
digester contents) of hexavalent chro- 
mium to a digester which had previ- 
ously received chromium containing 
sludge. Following the addition of this 
slug dose the mixed liquor contained 
700 mg/l of total chromium. The su- 
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pernatant was analyzed after thorough 
mixing, filtration and 
found to contain 6U mg 1 of hexavalent 
chromium. This 
hexavalent chromium in 
period seemed questionable. 


settling and 


high reduction in 
such a short 
Therefore, 
to another digester sludge was added 
300 me] of Cr 
lative procedure was followed. 


® and the same manipu- 
Again 
occurred, thus 


a rapid loss of Cr’ 


verifying the previous results. A fae- 
tor contributing to the rapid reduction 
of hexavalent chromium is the amount 
and condition of the 


This very rapid loss of Cr°‘ 


solids present. 
can be ae- 
counted for largely by oxidation of the 
oxidizable 
and the bacterial utilization of oxygen 
available in the CrO, The sus 
pended solids content of the digester 


easily compounds present 


ion, 


JOURNAT 


Jannary 1961 
Was 11.000 mig | After two thr 
hexavalent chromium content of the 


digester had dropped to about 3 mg, | 
In Figure 5 the results of feeding this 
amount of hexavalent chromium in a 
slug dose are shown as well as the curve 
denoting the normal gas production ob 
tained by feeding 9 g of volatile solids 
per day. All gas production stopped 
for about seven days and then gradu 
ally the 
tually returned to normal operation. 
Since in the feeding of 300 me/1 of 
hexavalent the above di 
recover in a 


resumed and digester even 


chromium 


gester was able to com 
paratively short time it was decided to 
of 500 This 


amount was added to another digester 


try a slug dose mg I. 


and stopped all gas production and the 


digester did not Its contents 


recover 
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FIGURE 5.—Effect on digester of 300 mg/l slug dose of hexavalent 
chromium (based on digester contents). 
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itis 


135 79 


were finally discarded at the end of six 
The likelihood of even 300 mg ‘1 
of hexavalent chromium being pumped 


weeks 


A large 
percentage of the hexavalent chromium 


to a digester is very remote. 


received at a sewage treatment plant 
would either be reduced in the primary 
or aeration basin, or the 
plant effluent. 

There have been two Ways poiuted 


out in 


pass out in 


which a digester could receive 
hexavalent chromium; namely, through 
the remote possibility of a slug dose or 
receiving smaller amounts in the fresh 
A further experiment was tried 
in which a digester was direetly fed 
50 mel of hexavalent ehromium 
(based on the digester contents) daily 
for 42 days. 
shown in 


solids. 


The results obtained are 
Figure 6. 


This amount of 
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FIGURE 6.—Effect on digester of 50 mg/l hexavalent chromium added 
daily (based on digester contents). 


ii 
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chromium was fed to one digester start- 
ing on the fifth day of observation. 
The two digesters were operating al- 
most identically when the chromium 
feeding started. soth 
were receiving 10 + 0.3 @/day of vola- 
tile solids. After about four days of 
feeding 50 mg | of chromium, gas pro- 
duction started to decrease and at the 
end of 42 days the chromium-fed di- 
vester was producing about 75 ml of 
per gram of volatile fed, 
the control producing 
about 650 ml of gas. The total chro- 
mium concentration of the digester con- 


Was digesters 


vas solids 


whereas Was 


tents at the end of the experiment was 
3,046 mg/l. This effeet was no doubt 


due to the cumulative effect of daily 
feeding of this amount of hexavalent 
Again, it should be pointed 


chromium. 


© 
« 
--+ 
| AZ 


JOURNAL 


WPCF January 196i 


CHROMIUM CONTAINING SLUDGE 
CONTROL SLUDGE 
UNTREATED SLUDGE 
ELUTRIATED SLUDGE 


ELUTRIATED AND FeCi, TREATED 
SLUDGE 


VOLUME FILTRATE-mi 


| | 


15 


25 


TIME-MINUTES 


FIGURE 7.—Filterability of digested sludges. 


out that this situation is not likely to 
arise in a sewage treatment plant 


Filterability of Digested Sludge 


In connection with the operation of 
digesters the filtering characteristics of 
the digested sludge are of importance. 
It was desirable to learn whether the 
presence of precipitated chromium 
would alter this property. In making 
the determination the method of Genter 
(7) was followed. 
a portion of the 
Three different sets of conditions were 
studied. In set 1 digested 


In Figure 7 only 


curves is shown. 


sludges 


from tl chromium containing and 


control filtered 
and the volume 
of filtrate obtained was plotted against 
time. The ‘*x”’ the 


of sludge 


digesters were under 


vacuum (about 28 in 
denotes time for 
the 

The chromium 
sludge filtered 
than the 
doubt, is due entirely to the presence of 


cake and 


loss of vacuum. con 


taining much more 


rapidly control, This, no 
precipitated chromium which increases 
the 
thus improving its draining character- 
istics. In set 2 both 
elutriated with 


the permeability of sludge cake, 


sludges were 


once three times the 
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sludge volume, using tap water. Elu- 
triation shortened the time necessary 
for “‘eracking’’ in the chromium con- 
taining sludge but aided the control 
sludge only slightly. When both 
sludges were elutriated once and also 
treated with ferric chloride, as shown 
in set 3, the time for ‘‘eracking’’ was 
greatly lessened. 


Discussion of Results 


Chromate may enter inunicipal sew- 
age in many different ways. Perhaps 
most frequently it occurs in_ plating 
wastes, although it may have its souree 
in tanning Operations, in waters given 
corrosion inhibition treatment with 
chromate, or in aluminum anodizing 
wastes. Since it has been shown that 
chromate retained in a sewage treat- 
ment plant is reduced to chromie chro- 
mium, it would also appear to be perti- 
nent in relationship to the effect of this 
form of chromium on sewage treat- 
ment. 

In addition to chromium, many plat- 
ing wastes contain significant quan- 


TABLE xX. 


Concentration of Lffect on 
( m Used Activated Sludge 


50 mg/l (continuous feed BOD removal efficiency 
to activated sludge dropped about 3 per 
pl int cent 

100 mg/l (slug dose to 


activated slud 


BOD removal effi- 


BOD removal effi- 
ciency 


50 mg/l (fed daily to 


digester: based on 


digester contents 


300 mg/l (slug dose to 


digester 


500 mg/l (slug dose t 


digester 


Summary of Reactions to Hexavalent Chromium 


Plant reeovered in about — 


| (s to Plant recovered within 
ictivated sludge plant 18 hr as measured by 
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tities of copper, nickel, zine, cadmium, 
cyanide, and acid or alkali. Further, 
the wastes from a metal working in- 
dustry are likely to be accompanied by 


large sewered losses of oil. These fae- 
tors and many others which might en- 
hance the toxicity of chromium have 
obviously not been considered. 

A summary of results shown in 
Table X is indicative of the fact that, 
short of massive slug doses, chromate 
alone is unlikely to harm the operation 
of a sound sewage treatment plant. 

Concentrations of hexavalent chro- 
mium of up to 0.5 mg/l were almost 
completely removed under conditions 
of the study. At 2.0-mg/l feed, hex- 
avalent chromium occasionally 
found in small quantities in the ef- 
fluent. With the 5.0-ng/l and higher 
chromate feeds, variable but increasing 
fractions of the chromium passed 
through the system to emerge as either 
hexavalent or reduced chromium in the 
effluent. In view of the present man- 
datory limit of 0.05 mg /1 of hexavalent 
chromium in drinking water, there are 


Short Time Effects on 


t r mag 
Digester stained Damage 


No damage 
noted 


No damage 


ge plant 20 hr as measured by noted 


Gas production dropped | Yes 
off rapidly. At end 
of 42 days only 75 
ml/g of volatile 
solids was being pro- 
duced 
Gas production ceased No 
to 7 days. Digester 
then gradually re- 
covered 


Yes; digester 
never recovered 


t 


2 


7 


many situations in which total redue- 
tion of hexavalent 
soluble trivalent 
necessary. 


chromium to  in- 
chromium may be 
Where such chromium re- 
duction and retention are required, a 
modification of the activated sludge 
system using chromate as the oxygen 
source in an unaerated mixed liquor 
was found to yield total reduction of 
chromate accompanied by loss of small 


amounts of trivalent chromium dis- 
solved or suspended in the final ef- 
fluent. 

While the systematic presence of 
chromate will halt nitrification for 


short periods, nitrification was evident 
even when the feed chromate level was 
90 mg/l. Chromate noticeably re- 
strained the development of odor in the 
primary and the development ot Sphae- 
rotilus in the mixed liquor. 
the chemical for this purpose 
initely not recommended. 

The retention of chromium in the 
system occurred largely in the activated 
sludge solids. The chromium content of 
the primary sludge solids (Table IV 
invariably was lower than the chro- 
mium content of the 
solids, with the latter more 
than 10 times the chromium content of 
the primary sludge. 

During the period when the biologi- 
cal chromate 


The use of 
is def- 


mixed 
showing 


liquor 


and removal 
the 


sludge contained up to 18.4 per cent 


reduction 


system was operated activated 
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Applications will be 
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chromium on a dry solids basis. It is 
that 
little or no toxicity to activated sludge. 


The 


obvious reduced chromium has 


digester well with as 


chromium in the 


operated 
much as 3.5 per cent 


solids. Clearly, the total treatment 
system studied was resistant to and 
tolerant of all but the most drastic 
stresses by chromate. 
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DISPOSAL OF RADIOACTIVE WASTES INTO 
DEEP GEOLOGIC FORMATION 


and Yoriteru Inoue 


The major sources of radioactive 
wastes, both present and future, are 
the reactor fuel reprocessing plants 
such as are now operated for the U.S. 
Atomic Energy Commission at Han- 
ford, Idaho Falls, and Savannah River. 
Since reactor technology is in a chang- 
ing period, these plants can only be 
looked on as partial prototypes of the 
chemical reprocessing plant of the 
future. As a consequence of this state 
of development, the various radioac- 
tive wastes currently produced are not 
necessarily representative of what may 
be produced, even in the near future. 
In spite of this rapidly changing pie- 
ture there are several principles that 
emerge and may serve to guide the re- 
search engineer attempting to antici- 
pate the waste production of the nu 
clear power industry and hoping to 
devise treatment systems for these 
Wastes 

It is more than likely that the chemi- 
cal reprocessing plant will be a central 
facility, serving a number of nuclear 
power installations. This trend is 
clearly established at the present time. 
The prime objective of these reprocess- 
ing plants is the recovery of fissionable 
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and fertile isotopes of uranium, tho- 
rium, and plutonium. Reeovery im- 
plies the separation of these elements 
from the nonfissionable cladding or 
alloving metals and from a major frae- 
tion of the fission products, the latter 
two groups being removed in waste 
streams of various volumes and levels 
of radioactivity. As basic to industrial 
waste handling, every effort is made to 
reduce the waste volume within the 
plant so as to coneentrate a large frae- 
tion of the radioactivity in as small a 
volume as possible. Under these eir- 
cumstances, by far the greatest portion 
of the radioactive fission products ap- 
pear in the primary waste stream as 
high-level waste containing up to sev- 
eral hundred or even one thousand 
euries per gallon. It is becoming an 
accepted practice to provide for per- 
petual storage of these wastes accom- 
panied by periodic retreatment to re- 
duce further their volume and thus to 
achieve greater economy of storage. 
That storage is the only solution is 
demonstrated by the fact that a single 
100,000-kw electrical power plant will 
produce annually about 500,000 © of 
Sr“, requiring more than the total an- 
nual runoff from the United States for 
dilution to presently acceptable levels. 

In addition to this high-level pri- 
mary waste, the central chemical proc- 
essing plant must be expected to pro- 
duce much larger volumes of low- and 
intermediate-level wastes arising from 
other phases of the reprocessing opera- 
tion, from decontamination, and from 
other auxiliary operation, e.g., laun- 


dry of contaminated clothing. These 


° 
| 
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wastes may require chemical or other 
treatment prior to discharge, depend- 
ing on the total activity, nature of the 
activity, and the capacity of the plant 
environs to assimilate the radioactiv- 
ity without creating an unacceptable 
health hazard or For 
example, the average daily production 
of low and intermediate wastes at Han- 
ford for the period from 1954 to 1958 
was about two million gallons. The 
average daily amount of fission prod 
ucts discharged during this period ex- 
ceeded 1,000 e. Although progress has 
been made in reducing both the volume 
and quantities of radioactivity, it is ap 
parent that the low- and intermediate- 
level waste volume is so great that the 


economic loss 


problem cannot be resolved by the con 
struction of tanks. On the 
other hand, the quantity of radioac- 
tivity exceeds the capacity of the hy- 
drologice environs, even though the Han 
ford plant has available the Columbia 
River. The future development of the 
nuclear power industry, together with 


storage 


a crowing conservatism 
diation 
groups, 


regarding Yra- 
exposure to large 
will place even 

restrictions on the 


seeking a disposal 


population 
more severe 
design engineer 
system for these 
large volumes of wastes. In many in- 
stances chemical treatment can greatly 
alleviate the waste load on the receiv- 
ing stream, but attempts are 
made to achieve more than 99-per cent 
efficiency in the removal of Sr, the 


when 


process becomes excessively costly and 
large volumes of sludges must be main- 
tained in Excel- 
lent examples of these circumstances 
now exist at 
reactor 
Mol in Belgium 
Franee. <A similar situation 
exist in Great Britain except 
proximity of the Trish Sea. 


permanent 


storage 


two European nuclear 


chemical processing sites; at 
and at Marcoule in 
would 


for the 


Developments in* knowledge of the 


biological effects of radiation have a 
direct and important bearing on the 
direction that both research and regu- 


latory practices may be expected to 


1961 


January 
controlling the discharge of 
radioactivity into useful, or potentially 
useful, waters. <A 
data, though admittedly far from eon- 


take in 


growing mass of 
clusive, is leading many physicians and 
biophysicists to assert that all radia 
tion is harmful and that even the small- 
est exposures will result in the shorten- 
ing of life-span of an individual and 
will bring about tangible genetie de 
Though these 
effects are so small as to defy measure 


fects in his progeny. 
ment or epidemiological confirmation, 
they 


y may become relatively enormous 
basis 


When 


such an approach is taken, a major 


when calculated on an absolute 


for a large population group. 


river, serving an important segment of 
the country, is no longer an attractive 
waste disposal resource when the wastes 
are radioactive. 


Disposal of Radioactive Wastes 
into the Earth 


In a strict sense, the discharge of 
liquid radioactive wastes into the earth 
simply achieves prolonged retention 
during which radioactive decay pro- 
ceeds in the normal manner. The waste 
undergoes little or no dilution, such as 
that occurring following river or ocean 
discharge. The time scale of earth re- 
tention, i.e., the residence time prior to 
returning to the earth’s surface water, 
may vary from a few weeks where a 
coarse, shallow, gravity aquifer adja 
cent to a river is used, to hundreds of 
thousands or even millions of years 
where a deep sandstone formation is 
employed. The hydrologist 
distinction between the par 
ticipating in the hydrologie eyele, the 
so-called and the 


highly saline waters found in the in- 


makes a 
waters 
‘*meteoric’’ waters, 
terstices of deep sandstone formations, 
the latter termed 
waters. 


being ‘*connate”’ 

There are several nuclear sites in the 
United States where limited quantities 
of radioactive 
into surface formations. At 
these, the Hanford site in the state of 


wastes are discharged 


one of 
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Washington, a formation of fluviatile 
deposits several hundred feet thick and 
extending well above the ground-water 
table low- and 


receives intermediate- 


level wastes (1). Essentially perma- 
nent retention of these wastes is 
achieved owing to the low annual 


precipitation and the 200- to 300-ft 
dry column of sediments having an 
ion exchange capacity of about 5 me/ 
100 g. When the addition of liquid 
waste to the top of the soil column is 
suspended there are no mechanisms by 
which the sorbed radionuclides can be 
transported to ground water to any 
significant degree At 
where the local geology is less suitable 
for ground the 


discharged to 


sites, 


other 
disposal operations, 
constituents of 
the earth 


Wastes 


migrate with ground water 
and, after a prolonged residence time, 
may be expected to reach a surface 
stream. At the present time there are 
no installations employing deep forma- 


tions, 


those containing 


connate 
water, for radioactive waste disposal. 


Deep Injection System for Radio- 
active Waste Containment 


Certain regions of the earth are un- 


derlain with porous sandstone 


many 
thousands of square miles in areal ex- 
tent. These sandstone formations are 
the place of origin of the petroleum 
resources, but more often contain brines 
little 


formations 


waters of 
Such 


or connate 
value 


economic 
believed 
an extremely attractive 
waste disposal resource and, if prop- 


are 
To represent 


erly developed, to offer a means of 


storing low- intermediate-level 


wastes with almost 


perfect assurance 
of complete containment. There 
First, connate 
water-bearing formations are extremely 


are 


several reasons for this. 


stable and isolated, geologically speak- 
ing, as is evidenced by their undis- 
turbed existence for millions of vears. 
The presence of chloride concentrations 
ranging up to nearly 200,000 mg /1 and 
the 


occurrence of 


petroleum are be- 
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lieved to support strongly the argu- 
ments regarding stability and isolation 
from the earth’s meteoric water system. 
Second, the liquid capacity of such 
formations is enormous, as they are 
often hundreds of feet thick and thou- 
sands of square miles in area. Fur- 
thermore, the capacity of a connate 
sandstone for radioactive wastes de- 
two sources: the po- 
rosity, which ranges from 10 to 30 per 
cent, and (b) the cation exchange ca- 
pacity contributed by the clay fraction 
of the medium. 
sents the capacity of the liquid phase 
and the exchange capacity represents 
the capacity of the solid phase of the 
formation for the radioactive constitu- 
ents of a liquid Third, the 
technology of introducing wastewaters 
into the earth has been developed to a 
high degree by the 


rives from (a) 


The porosity repre- 


waste. 


petroleum pro- 


ducers. 


Preliminary Factors 


Numerous factors must be considered 
before a radioactive waste can be in- 
jected into a deep formation. In order 
for an aqueous waste to be introduced 
into a porous medium it must be free 
of suspended material that would clog 
the interstices through which the liquid 
It should also be free of 
substances that would form precipitates 
on coming into contact 
nate water. The presence of organic 
matter that would bacterial 
erowths and cause clogging must also 
he avoided. 


is to pass. 
with the con- 
promote 


These problems are iden- 
tical to those faced by the petroleum 
service company operating a water 
flood and ean be resolved by some of 
the conventional 
in industrial water conditioning, such 
as chemical flocculation, sedimentation, 
filtration, and chlorination. 


processes employed 


The pre- 


injection treatment would result in a 
highly radioactive solid or semi-solid 
sludge that could be fed into the high- 
level waste handling system or dried 
and stored separately, depending on 
the local conditions. 
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Selection of Formation 


A major problem in the development 
of a deep injection system is the selee- 
of a suitable and 
careful exploration to provide data for 
the design and cost analysis of the in- 


tion formation its 


jection system and to demonstrate con- 
tainment reliability. Ideally, the in- 
jection formation should have a high 
and uniform as to 
offer a minimum fluid 
flow and to reduce pumping costs. It 
should of areal extent, not 
over 50 or 100 ft thick, and preferably 
confined by formations of lesser per 


permeability so 


resistance to 


be ereat 


im 
portant since the existence of fractures 


meability. Homogeneity is most 


or lenses of high permeability would 
permit the 
masses of media and thus reduce the 


waste to by pass large 
effective or useful capacity of the for- 
mation. 
the magnitude and specifie nature of 


As is discussed subsequently, 


the cation exchange capacity are of im- 
portance in determining the retention 
of such radioisotopes as strontium-90 
The 


fective formation capacity is 


and cesium-137. question of ef- 
related 


to certain fundamental aspects of flow 


PLANT 


INTERMEDIATE LEVEL WASTE 
PRETREATMENT FACILITIES 
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through porous media, and to the equi- 
libria and kineties of ion exchange be- 
tween individual radionuclides and the 
clay fraction of the medium. 


Example of Injection 


A simplified schematic illustration of 
deep well injection at a central ehemi- 
cal reprocessing plant is shown in Fig- 
ure 1. An actual installation would be 
composed of a grid of injection and 
The relief 
functions. 


relief, or monitoring, wells. 
well serves several essential 
By permitting the displaced connate 
water to leave the receiving formation, 
the natural static state of the formation 
is maintained and the likelihood of a 
breakout through the confining forma 
minimized. The relief 
depression in 


well, 
the 
plezometric surface, causes a maximum 


tions is 
since it creates a 
rate of liquid movement in a desired 
direction and that can be 
conveniently Withdrawal 
of connate water also serves to reduce 
input 


into a well 


monitored. 


pressures and hence pumping 


The effluent brine, and perhaps 


costs, 


even a low-level waste containing nu 


clides of small hazard, may be dis 


Ls INJECTION WELL 


| RIVER 


HIGH LEVEL 
WASTE STORAGE 


RELIEF AND MONITORING 
t L 


\r 


'MPEFVIOUS CONFINING 


FORMATION 


PERVIOUS SANDSTONE 


FIGURE 1.—Hypothetical deep well disposal operation. 
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charged into an adjacent river” or Hydraulic Dispersion in Porous 
ocean, or returned to the earth at a Media 

shallower depth. When the level of 
radioactivity at the relief well becomes Water advancing through the inter- 


unacceptably great it is taken out of slices of a porous medium does not 
operation and may subsequently fune- Move with constant velocity, but rather 


° tion as an injection well.  Pretreat- with a wide range of velocities such 


ment facilities are essential to prevent that some chenaeants of an injected Suid 
undue reduction of formation permea- advance are rapidly than others, The 
bility. It is believed that a properly result is a diffuse interface or ** front’ 
designed system of injection and relief between the injected fluid and the dis- 
wells penetrating a suitable formation placed formation water. This ‘‘dis- 


would provide more permanent con- persion’ phenomenon occurs even in 
tainment than even man-made tanks carefully packed laboratory columns 
located near the surface of the earth. where isotropy and homogeneity of the 


DISPERSION IN A HOMOGENEOUS MEDIUM 


|! dy | 
| | ity 


; DISPERSION IN A FRACTURED OR 
NON- HOMOGENEOUS FORMATION 


DISPERSION RESULTING FROM DENSITY EFFECTS 
P< P, 


FIGURE 2.—Hydraulic dispersion in flow through porous media. 
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Tritium 


CONCENTRATIO 


3 
Breakthrough x10 ypo/mi 


Fiow rate - gpm 
Tritium added - ist lOdays 
Sr added -ist 24 days 


In a 
eurvi- 


medium are known to prevail. 
natural the 
linear streamlines of flow, the existence 


formation normal 
of fractures and permeability varia- 
from to and the 
differences injected 


tions point 
density 
and displaced fluids may all contribute 
to the early arrival of part of the in- 
jected fluid at a relief well by increas 
These 


are il- 


point, 
between 


ing the degree of dispersion 
various causes of dispersion 
lustrated in Figure 2, where the density 
of shading is intended to depict the 
concentration of the injected liquid as 
it mixes with and displaces the pore 
fluid. 
Ideally a 
waste storage should be 


formation selected for 
homogeneous ; 
practically, inhomogeneity is inevitable. 
The degree of inhomogeneity, as evi 
denced by adverse dispersion proper 
ties, can only be ascertained by explora 
tion with suitable water tracers. Once 
having established the dispersion char 
becomes 


acter of a formation, it 


sible to estimate the useful capacity 


Pos 


for storing a radioactive waste. 

It to 
tent, practical to 
the dispersion 
characterize the medium by a 


some e@X- 


is of academic and, 
interest formulate 


phenomenon and to 


single 


FIGURE 3.—Two-well injection study. 


the of 
one-dimensional dispersion in a column 


Kor Case 


dispersion constant. 


of porous media, Rifai ef al. (2) have 
proposed the differential equation : 
0c 0c 
v- 
ot OL 


in which ¢ is the fraction of displacing 
fluid in the displaced fluid (as indi 
cated the of the 
tracer), x is distance, ¢ is time, and D 
The aver 
defined 


by concentration 


is the dispersion constant. 


age intersticial velocity, v, is 
by the quotient Rf, where #& is the 
flow rate per unit area and f is the 


A similar equation has been 
3), Day (4), and 


porosity. 
presented by Beran 
others. 

The dispersion constant was found 
by Rifai et al. (2 
linear relationship to the intersticial 


to have a simple 
velocity, as expressed by: 


D = 6D,.... (2 
in which D,, is the medium dispersion 
constant. Integrating Equation 1 for 
the proper initial and boundary con- 
ditions for one-dimensional flow yields 
an expression for the theoretical liquid 
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breakthrough curve: 
/ ol 
c/co > 11 —erf (8) 
2ND,, it - 
For spherical sand particles of diam- 
eter equal to 0.45 mm, D,, was found 
to be very nearly constant for values 
of @ ranging from 1 em/hr to 10 em 
sec. <A similar analysis can be made 
for the dispersion occurring in a radial 
flow of water from a vertical line source 
in a confined aquifer, and it can be 
shown that the medium dispersion con- 
stant, D,,, remains applicable. 

For the more complex systems in- 
volving a pattern of injection and re- 
lief wells, it becomes most difficult to 
arrive at purely analytical solutions to 
the differential equations expressing 
dispersion. In these situations, model 
studies employing a suitable water 
tracer are a necessary adjunct to di- 
rect field) exploration Typical field 
data for a two-well pilot system are 
given in Figure 3. In this instance 
tritiated water was employed as the 
tracer. From such hydraulic break- 
through curves, it is possible to com- 
pute the average water residence time, 


INJECTION 
WELL 


as well as the distribution of residence 
times, or velocities, for a complex sys- 
tem. 


Ion Exchange in Waste Retention 


One of the most attractive aspects of 
injection disposal of radioactive wastes 
is the sorption of nuclides by the po- 
rous medium. Two of the most phys- 
iologically important radionuclides, 
strontium-90 and cesium-137, are usu- 
ally found in the cationic form and 
in very low chemical concentration in 
liquid radioactive wastes. The eation 
exchange capacity of sandstone forma- 
tions will range up to 20 or 30 me 
100 ¢; this, while small in comparison 
to synthetic exchangers, will serve to 
enhance greatly the storage value of 
such formations for low- and_ inter- 
mediate-level wastes. As an aqueous 
solution of several radioisotopes moves 
through a formation, each chemical 
species of nuclide will advance at a 
particular velocity, often far less than 
that of the conveying water. Figure 
4 illustrates schematically the relative 
separation of cesium-137 stron- 
tium-90 from a waste containing a few 


RELIEF 
WELL 


80 
Sr FRONT WATER 
FRONT 
B FEET 
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FIGURE 4.—Separation of strontium and cesium fronts by selective 
in a geologic formation. 


sorption 


ct 
t 


milliequivalents per liter of stable cal- 
cium, and moving through a formation 
having an exchange capacity on the 
order of 10 me/100 g. The exchanger 
behind the strontium-90 front is in 
equilibrium with the strontium con- 
centration of the influent waste, 1.e., If 
is saturated with the radionuclide. A 


similar situation exists behind the 
cesium-137 front. Since the radio- 
nuclides are present in very small 


chemical concentrations, ‘‘saturation’’ 
with strontium-90 interfere 
with the exchange sorption of cesium- 
137. While the wastewater has moved 
several hundred feet, only a few feet 
of formation 


does not 


with 
strontium, and cesium has moved only 


may be saturated 
a few inches beyond the injection well 
sand face. 

The relation the average 
solute and solvent velocities may be de- 
veloped from an examination of the 


between 


equilibria existine between the solid 
and liquid phases of the exchange sys- 
tem. For a 


two-component system, 


i.e., One containing a single gross com 
ponent, such as the calcium ion, and 
one or more trace components, such as 
strontium-90 and cesium-137, an equi- 
librium may be assumed to develop 
which ean be approximately deseribed 
by mass action constant: 


Sr++* + Ca-clay = Ca** + Sr*-clay 
K s;*-ca (q C)srt* (C/q)ca } ) 
2Cst* + Ca-clay = Cat? 


Kest-ca = (€/q) 


t Cs.*-clay 


Many attempts have been made to de- 


rive more consistent expressions for 


The efforts 
are among the most 


defining sueh equilibria. 
and Overstreet (6 
of Boyd et al. (5 

The 


tium velocity may now be expressed in 


and Krishnamoorthy 


noteworthy. average radiostron- 


terms of the average intersticial water 


velocity : 
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196] 


January 


Similarly, for radiocesium, 
| 


| 
Kes*-ca* 
( 


‘ca 


In Equations 4 through 7, 
the any 
consistent set of units, ¢ is the liquid 


q refers to 
sorbed ion concentration in 
phase concentration, and p is the bulk 
density of the exchanger. @Q is the 
cation exchange capacity and has been 
substituted for qe, in Equations 6 and 
7 since it is assumed that essentially all 
of the exchange sites are occupied by 
calcium. The the 
radionuclides. 


asterisks indicate 

The major factors determining the 
average rate of advance of the radio- 
isotope front are represented in Equa- 
and 7. The 
nearly equals 1.6 + 1 f and will range 
from 4 to 12. Ks,*c, (or 
been found to vary over rather narrow 
limits, usually falling between 1.0 and 
1.6. Kes*-c 
Ksr*-ca and appears to be 


tions 6 factor pf very 


has 


is generally greater than 
dependent 
on the clay species contributing to the 
formation ion exchange capacity. Or 
eutt et al. (7) 


change capacities of five connate water- 


have reported the eX- 


bearing sandstones from California oil 
fields as ranging from 0.8 to 13.0 me 
100 
tailed study of a sandstone from the 
Meyer zone of the Santa Fe 
field in The predominant 
exchange-active mineral was mica which 


Ewing (8) has completed a de- 
Springs 
California. 


vave the Mever Sand an exchange ca 
pacity of 2.2 me 100 g. 

tion constants for the Meyer Sand in 
equilibrium with Ca-Cs'** and Na-Cs' 
were greatly dependent on the gross 


The mass ae 


cation concentration. For example 
1000 at a 
0.007 me 
to 10 at a sodium concentration of 0.9 
me/ml. Similarly, Aescy, ranged from 
100 at 0.007 me/ml of Ca** to 8 at a 
calcium eoncentration of 0.9 me/ml. It 
is thus apparent that, in the case of 


both eesium-137 and strontium-90, the 


Ke.wx, ranged from over 


sodium coneentration of 


the 
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FIGURE 5.—Cation breakthrough curves for laboratory column of media 
from test aquifer. 


concentrations of 
either sodium or calcium will greatly 


presence of molar 
reduce the waste storage capacity of 
a formation. However, strontium car- 
ried by a surface water containing 2 
me/L of would move at ap- 
proximately 0.4 per cent of the water 
velocity through a 


calcium 
porous sandstone 
having an exchange capacity of 5 me 
100 «. 

Unfortunately, the average radiocat- 
ion velocity may be much less than the 
maximum velocity, and it is the latter 
that determines the effective capacity 
of a formation. This problem is one 
of ion exchange kinetics and is illus- 
trated by Figure 5. The column pack- 
ing was obtained from a test aquifer 
that was utilized in the field tests de- 
scribed in a subsequent paragraph. 
strontium travel 
1.2 per cent that of the 
water, but the earliest arrival of stron- 
tium corresponded to a velocity that 
was 2.5 per cent of the water velocity. 
The cesium breakthrough curve shows 


The average rate of 


was about 


that even greater velocity variations 
occurred and that the maximum ve- 
locity was nearly three times the aver- 
age. The constants designated k in 
Figure 5 were derived from the kinetic 
theory of Hiester and Vermeulen (9). 


Field Studies of Injection Disposal 


Two pilot investigations of waste in- 
jection have been conducted on a shal- 
low aquifer located at the University 
of California’s Richmond Field Sta- 
tion. The test aquifer was a water de- 
posited, consolidated gravel and sand 
stratum averaging 4.4 ft in thickness 
and confined between thick dense clay 
layers. The aquifer material at vari- 
ous places in the field ranged in effee- 
tive (10 per cent) size from 0.20 to 1.5 
mm, averaging 0.56 mm. The aquifer 
was approximately 90 to 100 ft below 
the ground surface and contained 
water under a head of about 85 ft with 
a natural pressure gradient of about 
0.0038. The permeability, 
pumping and tracer tests, 
from 840 gpd ‘sq ft (4.0 
sec) to 1.890 gpd sq ft (8.9 
see). 

The first field test involved the in- 
jection of a synthetic waste prepared 
from a local well water 
trace coneentrations of 
and cesium-134. The waste was intro- 
duced at the injection well and per- 
mitted to move in a nearly radial pat- 
tern. 


based on 
ranged 
x em/ 
x em 


containing 
strontium-89 


The results of this investigation 
have been reported by Ewing (10) and 
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indicated that the movement of the 
strontium isotope could be predicted 
with a fair degree of accuracy. No 
cesium was observed at any of the ob 
servation wells. 

The second field test began July 23, 
1959, and employed both an injection 
and a relief well. The general layout 
of the well field for the second test is 
shown in Figure 6. The injection and 
relief well pumping rates were care- 
fully balanced at 17 gpm. In both 
field studies the injection water ¢ 
tained 3.60 me/] Ca**, 6.63 me/l Mg 
and 3.04 me/| Na’. 

The results of the two-well study for 
the initial 110-day injection period are 
given in Figure 3. In order to de- 
termine the hydraulic characteristics 
of the test aquifer, particularly those 
related to dispersion, tritiated water 
was introduced at a constant 
the first 10 days of the test. 
tium-89 at a 


on- 


+ 


rate for 

Stron- 
concentration of 3.5 X 
10-° pe/ml (as of July 23, 1959) was 
introduced for the first 24 days of the 
test. Tritium measurements were made 
with a liquid scintillation spectrometer, 
whereas strontium determinations em- 
ployed an internal gas flow detector 
operated with gas in the 
Geiger range. The arrival of the tri- 


methane 


January 1961 


tiated water at the relief well (100S) 
was first observed two days after the 
beginning of the injection operation, 
but no significant concentration of 
strontium-89 had appeared at this well 
after 110 days of operation. Stron- 
tium first appeared at the 13S observa- 
tion well one day after injection began 
and reached a maximum at 21 days. 
It did not reach the full influent con- 
centration as would normally be ex- 
pected. The water 
velocity to average strontium velocity, 


ratio of average 
based on observations at 13S, was only 
approximately 20 in contrast to the 
value of 80 obtained in the laboratory 
and reported in Figure 5. This great 
discrepancy is believed due to the re- 
moval of fine materials, and particu- 
larly the clay fraction, from the viein- 
ity of during the 
course of developing and gravel pack- 
ing that well. 


the injection well 
It is also quite probable 
that the test formation samples utilized 
in the laboratory measurements were 
contaminated with clay from the con- 
fining strata and thus were not repre- 
sentative of the test formation. 
Strontium-89 appeared at the 63S 
observation well at 50 days and con- 
tinued to be observed in that well up 
to 110 days, reaching a maximum con- 
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FIGURE 6.—Layout of two-well injection system. 
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centration of about 0.03C,, where C, is 
the concentration in the injeeted water. 
All strontium measurements were cor- 
rected for radioactive decay. Al- 
though there are some strontium-89 
positive observations shown in Figure 
3 for the relief well, these are simply 
due to the statistical variations of 
measurement. 

The tritium breakthrough data at 
the relief well show a marked differ- 
ence from that at the 63S observation 
well. At the latter point the passage 
of the tritium ‘‘transient”’ along a line 
between the injection and relief wells 
was observed with relatively little dilu- 
tion. However, the tritium-labeled 
water appearing at the relief well was 
diluted by unlabeled water such that 
the maximum tritium concentration 
was only 0.40 After 110 days about 
72 per cent of the injected tritium had 
been recovered. The remaining 28 per 
cent may have been lost, either to the 
normal ground water flow through the 
aquifer or into the confining layers. 
On the other hand, it may yet be re- 
covered sinee the stream lines of water 
flow for this arrangement of wells 
theoretically extend to infinity. The 
average time of transit of strontium-89 
between the injection and relief wells 
Was estimated to be between 350 and 
$50 days. The absence of measurable 
strontium at the relief well after 110 
days indicates very little short-cireuit- 
ing and a fair conformance with ion 
exchange theory. 


Summary and Conclusions 


The injection of radioactive wastes 
into deep geologic formations is con- 
sidered a feasible and economie ap- 
proach to handling low- and _ inter- 
mediate-level wastes. Deep injection 
does not represent a panacea for all 
nuclear wastes at all sites, but rather 
is one possible solution to be arrived 
at only after considering all factors 
peculiar to a given situation. Disposal 
by dilution into rivers and oceans, per- 
haps in combination with chemical or 


physical treatment, is often a more 
satisfactory alternative and should only 
be rejected on the basis of a careful 
analysis of hazard and economic fae- 
tors. In selecting a site for a central 
chemical reprocessing plant the exist- 
ence of a suitable geology for ground 
disposal operations should be given 
careful consideration since deep for- 
mations of the earth potentially offer 
far more permanent retention than can 
be achieved by surface storage systems. 

The technology of wastewater injec- 
tion has been developed to a high de- 
gree by the petroleum production in- 
dustry. The operations of this in- 
dustry demonstrate the necessity of 
pretreatment of wastes to insure com- 
patibility with the receiving forma- 
tion. If the wastes at a nuclear site 
vary widely in composition, hold-up 
and blending, followed by chemical 
precipitation, filtration, pll adjust- 
ment, and chlorination, will no doubt 
be required to meet the compatibility 
criterion. 

Detailed exploration of a proposed 
disposal site will require the applica- 
tion of the most advanced geophysical 
methods, including the drilling of test 
wells and the use of water tracers. In- 
formation determined by passing typi- 
cal waste solutions through formation 
cores in the laboratory, coupled with 
field measurements of the dispersion 
properties of the formation, will make 
possible a completely engineered dis- 
posal system. The useful formation 
capacity, and hence the unit cost of 
the injection phases of the operation, 
should be a caleulable quantity. It is 
believed that the system of injection 
disposal deseribed herein, employing 
both injection and relief or monitoring 
wells, will provide economie and safe 
containment of low- and intermediate- 
level wastes. 
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SPECIAL TV DOCUMENTARY ON WATER POLLUTION 


As a part of the Bell and Howell ‘‘Close-up’’ series, the American 
Broadeasting Company will televise nationally from 10:00 to 11:00 pm 
EST on Wednesday, March 29, a special documentary on water pollu- 
tion. At this time a title has not been selected but one report indicated 
that ‘‘Troubled Waters’’ was under consideration. All JourRNAL readers 
are urged to mark their calendars for this special event. 

The presentation will be entirely filmed, with interviews from ap 
proximately 50 separate locations in the U. S. It will attempt to 
emphasize the scope of the water pollution problem now and in the next 
10 years. General and special pollution problems are examined and 
discussed. A variety of industrial wastes, as well as domestie waste 
problems, will be covered. A broad representation of interests and 
activities is covered by those entering into the discussions. Included 
are federal, state, and local health officers; public officials; representa- 
tives of various industries; scientists; specialists in the fields of water 
supply, treatment, and conservation; and housewives and members of 
the general public. 

Existing and projected solutions, together with their collateral 
economics, polities, and social attitudes, are also examined and discussed, 
with the conclusion that more general awareness of the problem, to- 
gether with more intense concentration toward providing solutions 
must be effected if a serious national water erisis is to be averted. 
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DETERMINATION OF ALKYL BENZENE 
SULFONATES IN SEWAGE 


The increase in synthetie detergent 
use in the United States and elsewhere 
over the past 10 to 15 yr has added 
one more facet to the increasing com- 
plexity of domestie and industrial 
Ilome washing products are 


the primary source of these materials. 


Wastes. 


The organic portion of such products 
consists predominantly of anionie sur- 
factants. Of the group, the 
alkyl benzene sulfonates (ABS) are of 


anionie 


prime interest to those concerned with 
wastewater, due to the large amounts 
used. The concentration of these ma- 
terials in wastewater and surface wa- 
be determined only if un- 
equivocal analytical schemes are avail- 


able. 
Most of 


ters can 


the methods used to 
ABS concentrations in dilute 
are the extraction 
salt of the ABS into an or- 
vanie layer, the ABS concentration be- 
ing colorimetrie  tech- 
niques as demonstrated by Degens et 
al. (1), Edwards and Ginn (2), Long- 
well and Maniece (3 
Kolbeson (4 


now 
measure 
solutions based on 


of a dy e 


measured by 


, and Moore and 
Fairing and Short (5), 
and others have pointed out that these 
methods are subject to both positive 


Analytical Subcommittee of the Technical Advisory Council, 
Association of American Soap and Glycerine Producers, Inc. 


and negative interferences. Fairing 
and Short designed a double extraction 
method whieh, though cumbersome, 
overcomes the known inter- 
Their method has the disad- 
vantage of being a micro procedure 
which requires operating 
with special analytical skill. 

In 1956, the Subcommittee on 
Analytical Methods, Technical <Ad- 
visory Council, Association of Soap 
and Glycerine Producers, Ine., pub- 
lished a method for the determination 
of ABS in surface waters (6 This 
method, employing infrared techniques, 
gives not only a quantitative measure 


most of 
ferences. 


personnel 


of coneentration, but a qualitative 
identification of the ABS present. 


Since this method was published, the 
committee has turned its attention to 
the analysis of ABS in sewage. 
Preliminary studies were made to 
determine whether slight modifications 
of the surface water method would 
make it applieable to the analysis of 
sewage. The infrared method for final 
analysis had been successful 
earlier method and was_ re- 
The separation of ABS from 
other organic contaminants required 


sample 
in the 
tained. 
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modification to more effectively remove 
carboxylic acids and other weak acids 
which had been only a minor contami- 
nant in surface waters. The sample 
volume was reduced because the ABS 
concentration in sewage is much higher 
than in surface waters. 
mally 2 to 10 mg 1 ABS 
1 to 5 1 of sample, while surface water 
(normally well below 0.5 mg/l ABS) 
requires up to 150 1 of sample. The 
smaller volume sewage samples can be 
filtered and concentrated by evapora- 
tion, steps that were impractical when 


Sewage (nor- 


requires only 


analyzing surface waters. 


Method 
Sample Size 


A preliminary estimate of ABS con- 
centration is made by a colorimetric 
technique and the sample size chosen 
to yield 10 mg of purified ABS, the 
amount required for effective identifi- 
cation and quantitative determination 


of ABS. 


Solids Removal 


The sample is filtered, using filter 
aid, to remove suspended solids. The 
extracted with hot 
70-per cent ethanol to remove adsorbed 
ABS. This procedure was shown to be 
effective by using ABS labeled with 
S*® (ABS*). Although 30.0 per cent 
of the total ABS present was retained 
on the filter cake, two aleohol washes 
removed all but 0.4 


filter cake is then 


per cent. 


Concentration 

The filtrate and aleohol 
washes are then reduced in volume by 
distillation to about 300 ml 


combined 


ITydrolysis 


The concentrated sample is acidified 
with HCl and hydrolyzed to remove 
alkyl sulfates, alkyl phosphates, and 
other positive interferences. This is 
followed by extraction of the ABS 
from the acid system into ethyl ether. 
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TABLE I, 


Removal of ABS From Petroleum 
Ether by Backwashing 
tal ABS Remaining ir 
Step 

After extraction of 

H.O/HCI/EtOH 
After first backwash 
After second backwash 
After third backwash 


* Measured by adding a small amount of 
ABS House 
Fries (7 


counting aliquots is per and 


Deoiling 


After evaporation of the ether, the 
residue is taken up in a solvent (water, 
hydrochlorie acid, and ethyl aleohol) 
and extracted with petroleum ether to 
remove normally occurring oils, ear- 
boxylic, and other weak acids. as well 
as fatty alcohols and other neutral oils 
formed during the hydrolysis step. 

Backwashing 
this 


steps are required at 
Table I, 
where it is shown that the partition of 
ABS between petroleum ether and the 


point as indicated in 


aqueous solvent is only 60 to 80 per 
cent in favor of the aqueous solvent. 


Amine Salt Formation 


The ABS-1-methylheptylamine salt 
is then formed, after evaporating the 
solvent, and taken up first in HCC] 
and then finally in CC],. 


Identification on 


urement 


Ouantitative Meas 


Qualitative identification of the ABS 


is made by comparing an evaporated 


film, 4,000 to 
infrared survey spectrum with a simi 


650 em"? 2 to 


lar standard spectrum. Examples of 
these spectra are shown in Fieure 1. 
Quantitative data are obtained by 
comparing the intensities of the 1.040 
1.005 em? (9.91) 
infrared absorption bands with a eali 
bration 


em* (9.64) and 


curve obtained by running 


known amounts of standard sample. 
The results are reported as an average 


of the concentrations found for each 


> 

4 

; 
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900 


CONTROL 
ABS-MHA SALT 


SAMPLE {SOLATED 
FROM DOMESTIC 
SE WAGE ‘ 


WAVENUMBER cart 


FIGURE 1.—Infrared survey spectra of ABS-MHA salts. 


Carbon disulfide has also been 
as solvent and is preferred by 
not near the 


peak as does CCl,. 


peak. 
used 
absorb 


some as it does 


1.005 em 

Adequate quantitative data can also 
he obtained by using colorimetric meth- 
ods on the purified sample of ABS. 


Testing the Method 


In order to check the method, sam- 
ples of raw domestic sewage were ecol- 
lected by five of the cooperating lab- 
oratories and analyzed in one labora- 
tory. ABS recoveries were determined 
Two samples of each 
the other 
containing a known amount of added 


in two ways. 


sewage were run, one as is, 


standard ABS; also a small amount of 
ABS* was added to each sample and 
recoveries were determined by count- 
ing an aliquot of the final sample. 
The results of this study are shown in 
Table IT. 


Further confirmation of the method 


was obtained by comparing the analy- 


ses of six of the cooperating labora- 
tories on a sample of domestic sewage 
collected in San Francisco. Table IT] 
shows the results of this test. 

A final 


analyzed by 


cooperative sample 
five of the cooperating 
laboratories. This sample was mixed 
domestic-industrial sewage collected in 
Cineinnati. The results of the analy- 
ses are shown in Table IV. 
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TABLE II.--Analysis of Sewage Samples of ABS 


ABS Found (mg 1 


Sample Source 


Oakland, 


Calif. ) 2.9 7.4 8.2 9] 
Chatham 0.0 3.3 3.4 GQ) 112 Q5 
Madison, N. J. i 2.9 5.9 6.6 97 
Ponea City, 0.0 11.8 12.7 
Okla. (11.4 22.0 25. 89 108 100 
West New York, 0.0 13.8 15.1 RY qv” 
11.4 24.0 25.6 ay 
Mt. Washington, 0.0 3.3 3.2 100 114 
Ohio 2 5 


* Based on ABS found in purified sampl 


The ABS*® recoveries, where meas- TABLE IV. Analysis of Mixed Industrial- 
ured, showed that 90 per cent or more Domestic Sewage for ABS 


of the ABS present had been recovered. 


while the concentration results on the ABS | 
cooperative samples showed a range of Laborat 
15 to 2.5 mg 1. It is probable that cman 


the variations in results between lab 


oratories are due to differences in eali : 28 28 
bration and use of the infrared and \ 2.5 2.7 
Each of the cooperatively analyzed B wT 22 
samples of sewage was collected as a C! 3.4 10) 
© 3.8 1.1 
TABLE III.—Analysis of Domestic D 3.2 3.8 
Sewage for ABS “ 2.9 3.8 


Laboratory 


yon 


gased on ABS 


in purified sample 


TABLE V.~-Sewage Samples Used for 
Cooperative Analysis for ABS 


BOD 


Avg 7.0 6.8 Settleable solids 2, 2004 9.9 
Suspended solids 155 528 
Dissolved solids 379 1,420 
Based on ABS found in purified sampl 


0.03 mg/l ABS containing ABS** was added 
to each sample. Aliquots of the purified ABS * Methods used are from “Standard Meth- 
were returned to the originating laboratory for ods”’ (8). 
determination of ABS recovery. tT ppm. 


Per Cent of Added 
1. ABS Per Cent of 
ided Added ABS 
Ik Color IR 
ae \ et i \ ‘ 
; 
4 
ioe 
of ABS d 
Infrared ) t ; 
» ~ 
A 6.1 6.5 96 
_- 
( 7.2 5.8 
( 6.6 5.3 
-- -- 
D 7.5 1.5 
D 7.8 8.3 103 
9.5 
= 


Vol. 33, No. 1 


single sample and then split in such 
a way as to maintain the same solids 
content in all samples. Each sample 
was preserved by adding 100 ml of 
Si-per cent formaldehyde per 5 gal 
of sample to prevent biological action 
during shipping and storage. Proper- 
ties of each sewage are shown in Table 
Summary 


An extractive infrared method for 
unequivocal analysis of ABS in sewage 
is outlined. It is a fairly long pro- 
cedure, though not complicated. Its 
length is not believed to be a major 
disadvantage because it is meant pri- 
marily as a referee method. Under 
most field conditions, it is believed that 
a simple colorimetric method is en- 
tirely adequate; however, where un- 
usually high results are obtained by a 
simple method, this referee procedure 
should be used to check results. 

A short method giving as reliable 
quantitative results as this referee 
method is also needed. Research has 
been sponsored for the past two years 
in an attempt to devise such a_ test. 
Some encouraging results have been 
obtained, and it is hoped that a short 
method will be achieved. 


APPENDIX 


Reagents 


1. Ethyl ether, reagent grade. 

2. 12 N HCL 

3. Petroleum ether, reagent grade. 

4. 1-Methyl heptylamine (MHA), 
Eastman No. 2439. 

5. Buffer solution—Dissolve 6.8 g 
KHsPO, in 1 liter of distilled water. 
Adjust to pH 6.8-6.9 with 25-per cent 
NaOH, 

6. 50-per cent ethanol (volume), 50- 
per cent 6 N HCl (volume). 

7. Standard ABS for calibration 
(available from the AASGP). 
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Equipment * 


1. 1-liter, three-neck flask fitted with 
a Vigreaux column (6 in.) and a drop- 
ping funnel. 

2. Separatory funnels fitted with 
self-lubricating Teflon stopcocks (1 1- 
liter, 1 250-ml). (If glass stopeocks 
are used, do not use silicone lubricant. ) 

3. 2-ml volumetric flask. 

4. 400-ml, 250-ml, 150-ml, and 20-ml 
beakers. 

*Glassware should be rinsed before use 
with 6 N HCl, followed by methanol, to re- 


move adsorbed ABS. 
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5. pH meter (for buffer solution 
preparation ). 

6. 3-in. glass funnel, 1-in. glass fun- 
nel. 

7. Reflux condenser for use with the 
three-neck flask above. 

8. No. 2 Buchner funnel and No. 2 


Whatman filter paper to fit. 


Procedure 


1. Pass sewage sample through 20- 
mesh screen to remove 
Estimate the ABS content by either 
the methylene blue or the methyl green 
methods. 

2. Select sample size to contain 5-15 
mg ABS. Add ~2 ¢@ of Celite No. 
545 for each 500 ml of sample and filter 
through Whatman No. 2 filter 
using vacuum. 

3. Slurry the Celite cake and filter 
paper with 100 ml of hot 70-per cent 
ethyl alcohol and filter. Rinse the 
filter cake with 50 ml of hot 70-per 
cent alcohol. 

4. Combine the filtrates from No. 2 
and No. 3 above and distill to ~ 300-ml 
volume through a 6-in. 
umn. 


Yross solids. 


paper 


Vigreaux col- 
A small amount of HCl may be 
added to reduce foam if required. 
5. Cool V igreaux 
Add 75 


reflux for 


slightly, replace 
column with reflux condenser. 
ml concentrated HCl 
one hour. 

6. Cool and transfer to a_ 1-liter 
separatory funnel, rinsing the flask 
three times with 20 ml of 3 N HCl, 
and once with first ethyl ether wash 
from Step 7 below. 


and 


7. Extract two times with 200 ml 
of ethyl ether. Combine ether layers 
and evaporate to ~ 100 ml. 

8. Wash ether two times with 50 ml 
3 N HCL. Save layers. 

9. Back wash HCl from No. 8 with 
100 ml ethyl ether. 

10. Combine ether layers in a 250- 
ml beaker and evaporate to dryness. 

11. Dissolve residue in 25 ml of 190- 
proof ethyl aleohol. Transfer to 250- 
ml separatory funnel. Rinse the 


Save ether layer. 
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beaker with 25 ml 6 N HCl, followed 
by two rinses of 10 ml of 50/50 ethyl 
aleohol and 6 N HCl, and the first 
petroleum ether wash from Step 12. 

12. Wash the combined rinses above 
with two 50-ml portions of petroleum 
ether. Evaporate combined petroleum 
ether layers to ~ 50 ml. 

13. Wash petroleum ether three times 
with 25 ml of 50/50 ethyl aleohol and 
6 N HCL. 

14. Combine all alcohol-HCl layers 
in a 250-ml beaker and evaporate to 
dryness on a steam plate in a hood. 
This step can be expedited by blowing 
the surface of the 
stream of clean air. 


solution with a 

15. Dissolve residue in 20 ml of di- 
lute NaOH (0.025 N the 
dried solids on the side of the beaker 
into the rod. 
Transfer quantitatively to a 250-ml 
separatory funnel. Neutralize to pH 
6 to 7 with N/2 H.SO,. Add 50 ml ot 
6.8 to 6.9 buffer solution. Add two 
drops of 1l-methyl heptylamine. Mix 
well. 

16. Shake for three minutes 
75 ml of chloroform containing 
1-methyl 
chloroform layer. 


Serape 


solution with a glass 


with 
three 
drops heptylamine. Save 
A small cuff layer 
always forms which should be left with 
the water layer. By the end of the 
extraction, no ABS remains in the euff. 

17. Shake the water layer again with 
75 ml of chloroform containing three 
drops 1-methyl heptylamine, followed 
by 50 ml chloroform plus one drop 1- 
methyl-heptylamine, 
ml chloroform. 


followed by 50 
Save chloroform lay- 
ers. 

18. Evaporate combined chloroform 
layers to dryness on a steam plate and 
heat for another 15 min to reduce ex- 
cess amine. 

19. Transfer residue quantitatively 
with 10 ml or less of carbon tetrachlo- 


ride to a 20-ml beaker and evaporate 
to dryness. 


20. Transfer quantitatively to 
ml volumetric flask with carbon tetra- 
chloride and make up to volume. 


the 
= 
4 
~ 
J 
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21. Run an infrared spectrum of the 
1,100- to 950-em"' (9.0 to 10.5p 
using double beam operation and 
matched 0.5-mm eells. Operating con- 
ditions of the infrared spectrophotom- 
eter must be arranged to give maxi- 
mum absorbance of the 1,005-em"? 
(9.94) peak. (Maximum ratio of 
1,040/1,005-em"' peak heights is ~ 1.3.) 
Caleulate for each peak the amount 
of ABS present by comparing absorb- 
ance with a calibration curve obtained 
as shown in Appendix B. The base 
line is drawn from the high shoulder 
of the 1,040-em-? (9.642) peak to the 
low shoulder of the 1,005-em-? (9.9p) 
peak. The result is reported as the 
the results obtained with 


region 


average of 


APPENDIX B—MHA 


The MHA salt of ABS is prepared 


as follows: 


1. Dissolve 2.0 g of standard ABS 
(obtainable from AASGP) in 100 ml 
of 3 N HCl. Extract three times with 
100 ml of ethyl ether. Combine ether 
layers and evaporate to dryness. Heat 
on a steam plate for at least one half 
hour. Redissolve in ethyl ether and 
neutralize with an excess of 1-methyl- 
heptylamine (EKC No. 2439). Again, 
evaporate to dryness and heat in a 
vacuum for 18 hr at 50°C and 
10 mm pressure. 

2. Analyze the salt by dissolving i 
CCl, and diluting to 25 ml in 
volumetrie flask. A 50-A sample 
then evaporated to dryness with 
drops of 20-per cent NaOH and 
trated using a cationic dye system 


oven 
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the two peaks and as mg/l of the Na 
salt. 
22. Evaporate a small amount of 
sample from Step 20 on a salt flat and 
run 4,000- to (2-l5p 
spectra to prove composition. 
23. Evaporate to dryness a 200-A ali- 
quot of the sample from Step 20. Add 
a drop of 10- to 20-per cent NaOH and 
5 to 10 ml of water, mix well, and 
again evaporate to dryness. Dissolve 
residue in water, and make up to 100 
ml in a volumetric flask. Determine 
colorimetrically the ABS content of 
a 5-ml aliquot of this solution. Multi- 
ply the milligrams of ABS found in 
this aliquot by 200 to calculate the total 
milligrams of ABS in the sample. 


survey 


SALT PREPARATION 


determine surface active 


agent. 


per cent 

3. Prepare a series of CCl, solutions 
of the MHA salt of the standard ABS 
containing 0, 2.5, 5, 7.5, 10, 12.5, and 
15.0 mg/ml. Run infrared absorption 
spectra for each solution for the region 
1,100 to 950 em? (9.0-10.52) using 
double beam operation, canceling with 
CCl, in a matched cell. Plot two eali- 
bration curves of absorption vs. ABS 
concentration, calculated as Na salt 
(348/45 x ABS-MHA salt concentra- 
tion), for the (9.6) 
for the 1,005-em"* 
(9.92) peak. The base line used should 
be the one running from the high 
shoulder of the 1,040 em™* (9.62) peak 
to the low shoulder of the 1,005-em"* 
(9.92) peak. 


one 


peak and one 
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OPERATION OF SEWAGE 


TREATMENT PLANTS 


12. GAS COLLECTION AND UTILIZATION 
12.1 SEWAGE SLUDGE GAS 


12.11 Origin of Gas 


Raw 
evanie ) 


sludge contains volatile 
and 
material, 


maintained 


(or- 
non-volatile inorganie 
When it and 


in an airless environment 


confined 


is 


uniform 
temperature, the volatile material will 


at a proper and reasonably 


be acted upon by microorganisms nor- 


mally present. As a result of this ac 


tion, or digestion, sludge gas will be 
venerated. 
12.12 Uses 

Burnable sewage sludge gas, if eol- 


in 
it 
to heat digesters and buildings, drive 


lected and mixed with air 
proportions, has many uses; 


proper 


IS used 


gas engines, and it serves as an auxil- 
iary fuel for incinerators. 


12.13 Effect of Temperature on 
Production 


Most heated digesters handling sludge 
from de- 
signed maintain temperatures in 
the of to 95°F. This 
been accepted generally as the optimum 
for of 
Wastes. digesters 
the 

generally 


domestic have been 
to 


range 


sewave 


80 has 
normal 
and di- 
thermophilic 


mesophilic digestion 
Unheated 
heated to 
range (above 113°F 
been found less economical 
critical to operate 


gesters 
have 


and more 


This is Chapter of Operation of Sewa 


Practice 11. 


Treatment Plants, Manual of 
Serialization of this manual began in the 
September 1960 issue. 


92 


12.14 Constituents of Gas 


Sludge digesters under normal con- 
ditions produce a gas containing about 
two-thirds methane and one-third ecar- 
bon dioxide, with traces of other gases. 
The heat value of the gas varies with 
operating procedures, but most often 
falls in the range of 600 to 700 Btu 
This 
compares to values of approximately 
1,000 Btu/eu ft for natural gas, 500 to 
600 Btu/eu ft for manufactured 
and 2,500 Btu cu ft for liquefied pe- 
troleum gases 


eu ft under standard conditions. 


vas, 


butane or propane 
During digester startup or follow- 
ing periods of overloading, addition of 
toxic materials, or substantial tempera- 
ture changes, the methane content will 
be reduced and the carbon dioxide will 
increase correspondingly ; the hydrogen 
sulfide content 
problem. 


may become a serious 


12.15 Rate of Gas Production 


The daily rate of gas produetion 
falls in the range of 0.5 to 1.0 cu ft cap 
for When 


from secondary settling tanks is added, 


primary sludge. sludge 
the average yield may be increased to 

This to 
of matter 


15 eu ft/cap day. amounts 
15 eu ft/lb 


destroyed. 


about volatile 

The rate will vary with such factors 
as raw sludge additions, digested sludge 
or supernatant withdrawals, tempera- 
ture and of 
tank Best be 
obtained when all operations are close 
to uniform. 


recirculation 
will 


variation, 


contents. results 
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Once good digestion has been estab- 
lished, the rate of production of gas 


should be in approximately direct pro- 
portion to the amount of sludge added. 
Sometimes certain industrial wastes in 


By sealing off the top of the diges- 


tion tank, sludge gas can be trapped 
and piped to storage or used directly 


in the plant. 


12.21 Types of Tank Covers 


Three types of tank covers are used 
for gas collection: 


1. The fixed cover of conerete, with 
a projecting metal box called the gas 
collection dome which houses the gas 


piping. 
2. The floating cover, a steel fabrica- 


tion similar in appearance to an in- 
verted saucer floating on a water sur- 
face. The bottom of the 
**dished’’ to direct the gas to a central 
collecting dome or cylinder. This eyl- 
inder encloses the vas drawoft pipe and 


fall 


cover is 


allows the cover to rise and with 


the 


without 


the liquid level in tank 


12.2 COLLECTION OF GAS 


FIGURE 12-1.—Gas meters in digestion tank gallery. 
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sludge have an inhibiting or toxic ef- 
fect on the organisms of digestion, and 
gas production will decrease. 

of the tank contents also will 


digestion. 


Cooling 
retard 


interference with the piping. The 
travel of the cover is restricted to the 
upper third of the tank depth by means 
of brackets attached to the tank walls. 

3. The combination floating 
and gas storage compartment, a stee] 
fabrication similar to an inverted bow! 
buoyed by the gas trapped beneath it. 
In this type of cover, the gas is col- 


cover 


lected and also stored for future use. 


12.22 Metering 


When gas is collected by means of 
Covers 1 or 2 above, it 


piped through meters 


is generally 
Figure 12-1) 
direct to gas burners or to some type 
Figure 12-2 In smaller 
installations, the bellows-type positive 
displacement meter is frequently used. 
In larger installations, orifice plates, 
venturi meters, or rotary displacement 


of gas holder 


type meters are common. 
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FIGURE 12-2.—Gas holder. 


Metering the gas produced offers an 
immediate indication of some upset or 
change in the normal progress of di- 


vestion. 


12.23 Pressure-Relief and 
Vacuum-Relief Valves 
To guard against excessive pressures 
in digestion tanks, water seals or pres- 
sure-relief valves (Figure 12-3 
stalled. 
to hold 


are in- 
These devices are usually set 
the between 10 
This safeguard 
prevent 


fas pressure 


and 16 in. of water. 
is incorporated in 
rupture of the top or loss of the float- 


tanks to 


These should be 


checked once or twice yearly in ae- 


ing cover. valves 
cordance with the manufacturer’s ree- 
ommendations. 
Vacuum-relief 
stalled to prevent undue exterior load- 


valves must be in- 
ings on the tank cover caused by an 


uncompensated sludge or with- 
drawal. 

Without vacuum relief under a float- 
ing cover, the whole cover might col- 
lapse when it sinks to the lower stops 
and withdrawal of liquid 
Under these 
pressure on the would 
tremendous pressure the 
Similar disastrous results might obtain 


if partially digested sludge should be- 


continues. 
conditions, atmospheric 
top Cause a 


cover 


come tightly wedged between the float- 
ing cover and side walls so as to make 
the tank practically gas tight. 

The operator should check the vae- 
uum-relief 
yearly in accordance with the manu- 
facturer’s 


assembly once or twice 


recommendations. It must 
be remembered that when the vacuum- 
relief valve opens, air is admitted to 
the digestion tank and an explosive 


FIGURE 12-3.—Vacuum- and pressure- 
relief valves and flame trap on digester 
cover. 
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mixture may be created. Therefore, 
precaution must be taken to 
guard against sparking, open flames, 


every 
and other sources of ignition. 


12.24 Condensate Removal 


Sludge gas, as produced, is wet and 
dirty. The gas is generated in liquid 
and is saturated with water. 
bacterial may be carried along 
with the and in addition, the 
hydrogen sulfide content may be great 
enough to react with metals in pip- 
ing and equipment. 


Some 
slime 


gas, 


Consequently, pe- 
riodie flushing of the gas piping may 
be required to remove corrosion prod- 
As the gas 
passes into cooler areas, part of its 


ucts and slime growths. 


water content is removed by condensa- 
tion, and this water the 
piping. It is essential that safe, con- 


collects in 


venient condensate traps be provided 


12.3 GAS 
12.31 Floating Cover 


One of the most common types of 
gas storage which will function auto- 
matically (within limits) is the eom- 
bination floating and gas storage cover. 
It is a steel fabrication and is similar 
to the floating cover, with the sides ex- 
tending downward to 


which contains the gas. 


skirt 
It is carefully 
balanced, with the extra weight placed 
as low as possible to create stability. 
The liquid sludge within the tank acts 
as the Stops on the tank wall 
prevent the cover from dropping below 
a certain position. 


form a 


seal. 


12.32 


Indication of the amount of gas in 
storage in all gravity types of tanks is 
usually provided by some means. The 
indicator may take the form of a visual 
target attached to the cover so as to 
show on the outside of the tank. But 
often the indication of the tank level 
is given at remote locations by means 


Gas-Level Indicator 
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to remove this water. 
appurtenances should 
prevent either escape 
surrounding area or 
into the piping. 


All piping and 
be gas tight to 
of gas into the 
entrance of air 


12.25 Ventilation 


In the range of mixtures of approxi- 
mately 5 to 20 volumes of air to 1 
volume of sludge gas, the mixture will 
be flammable, and in the approximate 
range of 5 to 15 per cent of gas to air, 
by volume, the mixture will be explo- 
sive and decidedly hazardous.* 

Ventilation of all through 
which gas piping passes is of utmost 
importance. Methane is lighter than 
air; nevertheless, sludge gas may ac- 
cumulate in low areas by reason of its 
carbon dioxide and hydrogen sulfide 
components plus differences in pres- 
sures in confined areas. 


areas 


STORAGE 


of electrically operated transmission 
systems connected to de- 
vices on the tank. 


mechanical 


12.33 Separate Storage Tanks 


Separate gravity or low-pressure gas 
storage tanks may be of the so-called 
dry-type holder of which there are 
various One of a 
metal diaphragm floating on the gas 
beneath and guided by a stationary 
center column around which the dia- 
phragm is constructed. The outside 
edges of the diaphragm and the center 
section in contact with the column are 
sealed against gas leakage by an ar- 
rangement of sliding plates, 
membrane, and heavy oil. 


designs. CONSISTS 


canvas 


The large surface area in a storage 
tank condensation of the 
water vapor in the wet gas, the volume 
varying with the outside air tempera- 


encourages 


* See Safe ty in Wastewater Works. Man 
ual of Practice No. 1, Water Pollution Con- 
trol Federation, Washington, D.C. (1959). 


5 


ture. Therefore, some provision is made 
to remove this moisture periodically. 
Such provisions, of course, are not 
the floating 
and storage type cover since the gas 


necessary in combination 


seal is actually the sludge in which it 
floats and into which this moisture is 
deposited, 

In freezing climates, slush ice 
cause operational problems. 
the 
accumulates on 


may 


Beeause of 


which 


excessive moisture 
the tank 
and the presence in the gas of carbon 
dioxide and other elements which are 
soluble in water, acid conditions may 
develop which can corrode the steel. 


sides 


Gas produced as a result of decom- 
position of organie material has value 
in that it can be burned to create heat 


or produce power. 


12.41 Digester Heating 


Hot obtained vas-fired 
boilers is sometimes cireulated through 
pipe coils inside the sludge digestion 
tanks to raise the temperature of the 


water from 


contents to hasten bacterial action. To 
prevent the 
should be operated at a temperature at 
or near 180°F. 
to control the temperature of the boiler. 
particularly when the gas supply is 
limited. It 
strict the through 
boiler by adjustment of the valves. 


corrosion oft boiler. it 


It is not always eas) 


may be 


hecessary to re- 
flow of water the 
The boiler is equipped with many 
safety devices and the operator should 
understand their operation and check 
them frequently. 
fuel, 
plying heat to external sludge heaters 
through which the contents of the tank 
are circulated. 


Gas also may be used as sup- 


Another method of utilization of gas 
for sludge heating is by direct burning 
in special burners the 
liquid sludge. 


immersed in 
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interior of such 
vas holders must be protected by acid- 


Kor this reason, the 


resistant coatings. They should be in- 
spected periodically for damage. 
High-pressure gas-storage tanks are 
usually in the shape of a sphere. The 
and stored from 


CAS Is compressed 


25 to 50 psi. High-pressure holders 
are adaptable to moderately high pres- 
with materials of 
construction ; they permit two or three 
volumes of gas to be stored 


of tank 


sures economy ot 


per unit 
against 
effect 
on the operation and maintenance of 
the tank must be observed. 


volume. Precautions 


moisture accumulation and_ its 


12.42 Incineration 


Sewage gas is also used as fuel 


for 


burning screenings and for auxiliary 
fuel in the incineration or drying of 
sludge. 


12.43 Internal Combustion 
Engines 

Usine the fuel in internal 

combustion engines is often practical. 


vas as 
An engine may be directly conneeted 
to a such as a 
Figure 12-4 


common to 


piece ot equipment 
pump or blower , and it 


is also connect one to a 
venerator producing power which may 
be utilized in The 
water used for cooling engines is often 
circulated through heat exchangers or 


heating eoils in 


plant operation. 


digestion thus 


serving a dual function of cooling the 


tanks, 
engine and heating the sludge. 


12.44 Diesel Engines 


Sewage sludge gas also may be used 
in diesel engines if a small amount of 
oil is added to the gas. 
called dual fuel 
they automatically adjust from a gas- 
oil mixture containing 6 to 10 per cent 


These engines 


are engines because 


pilot oil (necessary to fire the gas) to 
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FIGURE 12-4.—Gas engine used to drive a blower. 


100) per cent oil, depending on the 


amount of was available 


12.45 Flame Traps 


Flame traps should always be pro- 


vided in gas lines directly ahead of 
there is a 


gas-consuming devices as 
constant danger of backflashinge of fire 
and possible explosion. The traps usu- 
ally are provided with bypasses so that 
they may be removed, inspected, and 
dirt 
It is wise to install a flame 


trap on the bypass lines to provide 


cleaned of corrosion, accumula- 


tions, ete, 
protection while maintenance work is 
heing performed. 


12.46 Scrubbers 
Where gas is used for power genera- 


tion, scrubbers are often used re- 


move moisture, hydrogen sulfide, and 
other impurities to reduce corrosion. 


12.47 Waste Gas Burner 


Most systems are equipped with a 
12-5). Its 
purpose is to prevent the escape of un- 
burned gas into the atmosphere, thus 
preventing and avoiding the 
hazards which might result from the 
escaping gas. The relief valve to the 
vas burner should be set at the proper 


waste gas burner (Figure 


odors 


pressure so that excess gas goes to the 
burner instead of blowing off through 
the pressure relief located on the di- 
vester. Care should be taken to keep 
the pilot flame lighted at all times. 
The pilot light may be blown out by 
wind or may go out 
pressure in the line. 


because of low 


12.5 NORMAL OPERATION 


Listed below are things for which 


operators should be 
ful. 


especially watch- 


12.51 Uniform Positive Pressure 


Operation of a sludge digester and 
related parts of the sewage treatment 
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plant should be performed in a manner 
which prevents the possibility of draw- 
ing air into the gas system 


12.52 Condensate Removal 


All gas piping, including vents and 
should be ar- 


ranged to drain to accessible low points 


pressure cont rol lines, 


where safe and convenient means for 
condensate removal should be proy ided. 
Learn where they are and inspect and 
drain regularly. In addition, provide 
and use a plug or cap to prevent escape 
of gas should the drain valve be opened 
accidentally. 
vide 


Self-sealing traps pro- 


additional safeguards by elimi- 


nating the human error. 


12.53 Accessibility 


All gas appurtenances and piping 
located. Pro- 
for shutting off 
any part of the system and removing 
any part of the 


sory. 


should be conveniently 
vision should be made 


piping or any acces- 


Learn and mark on a map or 


drawing the location of all valves. It is 


FIGURE 12-5.—Waste gas burners in operation. 
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also important to provide for and to 


clean out foreign material which may 


accumulate inthe piping. Joints should 
be tested regularly under pressure to 
Although 


soap suds are comn only used for this 


locate possible small leaks. 


indicator 
equipped with sampling hose is more 
reliable. 


purpose, a combustible-gas 


12.54 Ventilation, Control Tub- 
ing, and Vents 


should he 
where 


Ventilation 


all areas 


provided for 
accumulate. 
It should be adequate for the heavier- 


gas may 
than-air elements, as well as for those 
lighter than air. If possible, natural 
ventilation should prevail at all times, 
making artificial means strictly precau- 
tionary. 

Control tubing for operation of pres- 
sure-relief and 
other accessories should be extended to 
the sludge di- 
vester, minimize difficulties 
that otherwise be caused by 
variable rates of gas flow or partial 


valves, manometers, 


a common point 
This will 
might 


hear 
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stoppages of some of the gas line ap- 
purtenances. Flame checks should be 
provided for each control tube, 

Vent lines from the upper side of 
diaphragms and vents from other ap- 
purtenances should be extended out of 
doors. If the 
care should be 


vents are manifolded, 
that 


through one diaphragm will not ad- 


taken so leakage 


versely affect the operation of another. 


12.55 Maintenance 
12.551 Diaphragms: 


been in 


Leather has 
general use for appurtenance 
diaphragms on flexi- 
Dia- 
phragms should be kept soft and pliable 
with 


account of its 
bility and temperature tolerance. 
neat 's foot oil, Inspected periodi- 
cally, and replaced at the first sign of 
leakage. Suitable synthetic diaphragm 
materials are becoming available. 

12.552 Flame Traps: 


Flame ele- 


ments should be inspected periodically 
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and cleaned with steam or compressed 
air to maintain open passages. 


12.553 Valve Seats:— Valve seats and 
operating parts should be inspected 
frequently and cleaned to provide free 
movement and tight seating. 


12.554 Gas Meters:——Gas meters are 
particularly vulnerable to the damag- 
ing effects of wet, dirty sludge gas. 
They must be 
regularly. 


drained and cleaned 


12.56 Gas Masks 


The ordinary canister-type of 


gas 
where gas is in 


that 


mask is of no value 


such concentrations little or no 


oxygen is present. The only type use- 
ful under such conditions is one having 
a hose to an outside fresh air supply or 
a self-contained unit such as an ‘aqua 


lung’’ or an oxygen tank. 


ah 
| 


Imhoff 
settleable solids suspended in sewage, 
and in turn, digest these solids in the 
lower portion of the same unit. In a 
properly designed and operated Im 
hoff tank, 90 per cent or more of the 


tanks are used to remove 


13.1 


The theory of sedimentation of sew- 
age particles, discussed briefly in Chap- 
ter 6, apples equally to Imhoff tanks. 
Basically, the sludge digestion process 
discussed in Chapter 7 is carried on in 
the sludge digestion compartment or 
lower story of these tanks in the same 
manner as in separate digestion tanks 
However, digestion of the sewage sol 
ids proceeds at a slow rate because the 
tank is not heated and the mixing of 
fresh sludge with digestine sludge is 
neither immediate nor thorough. Com 
pared with heated, separate digestion 
tanks, more space is required in the 
Imhoff tank for the reasons given 
above. 

As with separate sedimentation tanks, 
the shape of the Imhoff tank may be 
rectangular or circular. In all types, 
the essential features are: (a) a set- 
tling or flow-through compartment; 
(b) a sludge digestion compartment 
underneath the settling zone; and (¢ 
vas vents extending from the digestion 
compartment to the surface (Figure 
13-1). 


In the rectangular type, sewage flows 


13.21 Equal Flow 


Where more than one tank is used, 
the flow should be divided equally 
among the several tanks Unequal 


loading reduces over-all efficiency of 


13. IMHOFF TANKS 


DESCRIPTION OF PROCESS 


13.2 SEDIMENTATION ZONE—NORMAL OPERATION 


100 


settleable solids in raw sewage can be 
removed. The digested sludge from 


such a tank should be relatively inof- 


fensive and quick-drying sludge 


drying beds. 


from one end of the tank to the other. 
In the cireular type, sewage enters at 


the center and flows radially to the 
circumference, Theoretically, at de 


sign flow rates the time required for 


a particle of sewage to travel from the 


inlet well to the overflow weir may 
vary from 2 to 3 hr. The bottom of 


this settling compartment slopes steeply 


downward fron the side walls toward 


the center where a slot) provides an 


opening to the sludge digestion com 


partment below 


An overlap in the sloping sides at 


the slot commonly is used to prevent 


vas from the digesting sludge in the 


compartment below from rising through 


the slot to the settling compartment. 


The gas vents provide means for the 
| 


vas To escape To the atmosphere or to 


eas-collection devices These areas 


usually contain scum, foam, and solids 


buoved by the gas 


The floor of the digestion compart- 


ment usually iS sloped to one or more 


hoppers from which the sludge is 


drawn off periodically through pipes, 


normally 6 or 8 in. in diameter 


the several units. <All overflow weirs 
should be kept at the same elevation. 


Where a division box is used to dis 
tribute flow to several tanks, these 
overflow weirs also should be kept at 


the same elevation 


ar 
a 
Sig 
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FIGURE 13-1.—Cross-section and plan of Imhoff tank equipped for 
Sludge withdrawal pipe extends to bottom of tank. 


Tri- 


angular beams at slots of flow-through compartments deflect rising gas 


bubbles. 


The Operator can check on retention 
periods in the several tanks by timing 
the passage oft a dye such as fluorescein 
or uranin from inlet to outlet. 


13.22 Reversal of Flow 


should be 
uniform a depth as possible through- 
out the Ordi- 
narily, a higher proportion of the sol- 
ids in the raw sewage in the 
first half of the settling compartment 
than 


Sludge maintained at as 


sludge compartment. 


settle out 
in the second half: thus, the ae- 
cumulation of solids soon becomes un- 
balanced in the sludge compartments 
of large or medium-sized tanks unless 


the direction of flow is reversed. By 
reversing the flow on alternate weeks, 
the sludge level can be kept reasonably 
uniform. In the 
to outlet 
is short, the operator may find it un- 


the This 


small tanks where 


distance of travel from inlet 


necessary 10 flow. 


reverse 


need should be determined, if in doubt. 
by locating the sludge level from time 
to time. 


13.23 Cleaning Operations 


All surfaces should be kept free of 
accumulations of scum, stranded solids, 
grease, and associated materials. Sew- 
age solids cling to concrete and metal 
surfaces with which they come in econ- 
tact. 
may rapidly accumulate on the water 
surface as scum. 


Floating material in the sewage 


Unless removed, it is 
ultimately discharged with the plant 
effluent and may substantially depreci- 
ate its quality. Daily attention, there- 


fore, should be given to a thorough 
housecleaning of these areas. 

The should be 
skimmed at least once daily with a 
(Figure 13-2). A common 


version of this tool consists of 14-in. 


floating material 


skimmer 
mesh wire sereen in the form of a net 


Small 


quantities of skimmings may be de- 


at the end of a wooden pole. 
posited in the gas vents. Large ae- 
cumulations or those containing exces- 
sive quantities of oil or grease should 
be buried or burned in a garbage in- 
cinerator or other high-temperature in- 


: Vol. 33, No. 1 es 101 
| 
om 
ellie 
| 
| 
| \ 
/L } | | 
} | 4 
> N | 
al 
: 
7 iN 
: ¢ | 
iN 


102 JOURNAL WPCEF 


January 1961 
cinerator. Large quantities of skim- Grease and solids accumulating on 
the walls at the water line should be 
removed with a metal scraper when- 


mings in the gas vents may produce 
offensive odors and form thick scum 
layers which may restrict the escape 


ever there is a noticeable amount. In 
of gas. 


fluent and effluent channels should be 


SKIMMER 


> rd. steel | 
| | “CO 
1" mesh 
>| 
lo'-0" '-6" 


2" ash handle 


SLOT CLEANER 


depth of slots below walks 


' 


cypress 


2 


chain should be under 5lb - 


3 chain, 
9 links / ft 


SQUEEGEE 


depth of slots below walk RY 


belting or fire hose 
| 


cypress’ 3 , 
Steel 


FIGURE 13-2.—Skimmer, slot cleaner, and squeegee. 
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inspected for stranded solids and kept 
clean. Dead channels such as the see- 
tions used for reversing flow should 
be cleaned weekly before reversing the 
flow. 

As frequently as circumstances re- 
quire, the solids accumulated on the 
sloping floor of the settling compart- 


OPERATIONS MANUAL 


103 


ment should be seraped downward into 
the slot, using a rubber-edged squeegee 
fastened to a long pole (Figure 13-2). 
At the same time, the slot should be 
cleaned by squeegeeing or dragging a 
chain through it. Experience will die- 
tate how often these operations must 
be performed. 


13.3 SEDIMENTATION ZONE—OPERATING TROUBLES 


13.31 Symptom A—Unequal 
Flow 


Unequal distribution of flow may be 
noted by more turbulence and surface 
movement on one side of tank than on 
other. This condition may occur more 
frequently when two or more settling 


compartments are used. 


13.311 Cause: 


1. Unequal hydraulic properties of 
influent pipes and channels ; 


2. Sewage approaching inflow weirs 


at an angle causing more flow 


one end than the other ; 


3. Influent or effluent weirs not level ; 


over 


or 
4. Weirs of one compartment not at 
same elevation as corresponding weirs 


of other compartment, 


13.312 Prevention and Cure: 


1. Adjust influent pipes and chan- 
nels to previde equal flow to each com- 
partment ; 

2. Straighten direction of flow with 
metal or wood vanes or provide baffled 
stilling well or adjust piping so flow 
is perpendicular to inflow weirs and at 
low velocity ; 

3. Level weirs; or 

4. Adjust 


weirs are at same elevation. 


weirs so corresponding 


13.32 Symptom B—High Solids 
Content at Surface or in 
Effluent 


13.321 Causes:- 

1. Poor inlet baffling ; 

2. Accumulation and intermittent re- 
lease of excessive quantities of scum on 
water surfaces and of stranded solids 
on walls, channels, and weirs ; 


3. Solids rising through slot from 
digestion compartment; or 
4. High solids content in raw sew- 


age. 


13.322 Prevention and Cure: 

]1. Adjust inlet baffle to extend above 
the water surface. Location and depth 
of baffle should be changed until best 
results are obtained. 

2. Remove skimmings and stranded 
solids more frequently and eom- 
pletely. 

3. Draw off sludge in quantities de- 
termined by elevation of top of sludge 
blanket. In the entire 
sludge mass may have floated, exchang- 
ing positions with the supernatant liq- 
uor. 


some Cases, 


This upside-down condition may 


require corrective action on sludge 
zones (see Section 13.6). 
4. Avoid excessive hosing of the 


sludge and scum layer in the gas vents. 
Excessive hosing may 
through the slot. 

5. Check for unusual concentration 
of solids in raw sewage. 


force sludge 


13.4 GAS VENTS—-NORMAL OPERATION 


When digestion in the sludge zone is 
proceeding normally, little attention 


need be given to the operation of the 
gas vents other than to control the 
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SLUDGE SOUNDERS 
| u 
— steel plate ; 
4 chain 


(length = distance from 
walks to slots + 5° ) 


light chain 


wire ring covered with +" mesh 


( wooden rack 


t 


IMHOFF CONES 


FIGURE 13-3.—Sludge sounders and Imhoff cone rack. 


depth of the scum layer to permit gas To maintain this condition under 
to escape readily. If kept wet, the normal conditions, the scum should be 
seum solids will continue to digest in broken up before it forms a dry, matted 
the vent zone, settling back into the layer which would prevent gas from 
digestion compartment as gas is liber- escaping. Means for doing this include 
ated. wetting and jetting by pumping liquor 
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from the sludge digestion zone, or man- 


ually breaking up and submerging the 


mass with forks, poles, or special tools 
Many op- 
erators have developed mechanically 
operated paddles or stirring devices. 

Removal of a portion of the scum 


designed for this purpose, 


13.51 Symptom A—Heavy Ac- 
cumulation of Scum 


13.511 Cause:—lnusually large 
quantities of light floating materials, 
such as mash, grains, and certain other 
wastes from industrial processes. 


13.512 Prevention and Cure:— 


1. Increase frequency and amount 
of sludge-liquor recirculation to keep 
material wet and permit trapped gases 


to escape. 


13.61 Starting Digestion 


Operation of a new Imhoff tank or 
one which has been completely emptied 
should be started in the spring or early 
summer, except where winter tempera- 
60°F. 
Several months of operation at warm 


tures are expected to exceed 


temperatures are required to develop 
optimum Initially, seed- 
ing with well-digested sludge from an- 
other Imhoff tank 
may speed the development of these 
conditions, particularly where the raw 
solids loading is near the design value. 


conditions. 


or sludge digester 


13.62 Sludge Withdrawal 


It is desirable to keep as much di- 


vested sludge as possible in the tanks 
to promote digestion of the fresh 
sludge. Accordingly, the top of the 
sludge blanket should be kept at the 
maximum level without forcing gas 
and sludge‘through the slot to the 
settling compartment above. This level 
is normally between 2 and 4 ft below 
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layer is often necessary where large 
quantities of floating material accumu- 
late frequently. The may be 
discharged to drying beds if it will 
dewater well and is not particularly 
offensive. Otherwise, it should be 
buried. 


2. Remove a portion or all of the 
scum if gas and sludge are forced 
through slot into the settling compart- 
ment. 

3. Locate and reduce quantities of 
scum-forming materials entering the 
sewer system. Improved housekeeping 
practices and some pretreatment at 
the source often are effective. 


13.52 Symptom B—Foaming 


See Section 13.71. 


the deflector beam or the point where 
the slot provides the water seal. Hlow- 
ever, in relatively cold climates and 
long winters, as much sludge as pos- 
sible should be drawn off during the 
late fall months to provide ecapac- 
ity for winter storage. Well-digested 
sludge, occupying not less than 15 per 


FIGURE 13-4.—Sludge sampler. 
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cent of the usable volume of the diges- 
tion zone, should be left in the tank for 
seeding. 

Divested sludge should be withdrawn 
slowly so as not to disturb the over- 
lying thinner sludge or 
liquor. 


supernatant 


13.63 Sludge Inventory 


It is important to locate the top of 
the sludge blanket frequently enough 
to plan for removal of digested sludge 
at the proper time. e 
sounders shown in 13-3. 
Another method utilizes a 
pitcher pump mounted on a portable 
tripod and fitted with a hose connee- 
tion. 


Two simple sludg 
are Figure 


simple 


Attached to the pump is a 34-in. 
garden hose with a weight on the lower 
end. 


The weighted hose is passed either 


13.71 Symptom A—Foaming 


13.711 Causes:—Generally, foaming, 
as characterized by large amounts of 
fluffy scum rising from the gas vents 
and overflowing the tank, is caused by 
a very high rate of digestion. There is 
much undigested sludge present 
compared with the well-digested ma- 
terial. This lack of balance may cause 
violent biological activity in an acid 
stage, with high rates of gas production 


too 


of high carbon dioxide content. Con- 


ditions creating foaming include: 


1. Starting a new plant with large 
quantities of raw sludge without suf- 
ficient quantities of ‘‘seed’’ sludge; 

2. Rising temperatures in the sludge 
digestion zone in spring or early sum- 
mer following long, cold winter periods 
with very slow digestion rates ; 

3. Large quantities of organic ma- 
terials in the milk 


sewage, such as 


products, or cannery wastes; or 
4. Insufficient 
pacity for the organic loading. 


sludge digestion ¢a- 
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The 


primed pump is operated as the hose 


through the slot or the gas vent. 
and 
the pumped material, the 
operator can determine the depth of 


is. lowered. rom observatious 


testing of 


Regular 
sludge sampling devices, designed for 


the top of the sludge layer. 


sampling in separate sludge digestion 
tanks, may be used with equal success 
on Imhoff tanks. These devices should 
be lowered through the gas vent to the 
desired depth permitting the 
material to enter the container (Figure 
13-4). 

Sampling to locate the top of the 
sludge blanket also provides reliable 
information on the uniformity of the 
the tank. 
flow and 
be determined in 


before 


sludge deposit throughout 
Effectiveness of 
when to do it 


this manner. 


reversal of 


may 


13.712 Prevention and Cure: 


1. Start operation of a new Imhoff 
tank in spring or summer. 
Reduce quantity of sludge in the 
during 
fall months to provide sufficient space 


tank to a safe minimum level 
for sludge to be added during winter. 
3. Withdraw 


low quantities, 


sludge 
but maintain a suf 
ficient quantity of well-digested sludge 
in the tank. 


frequently in 


4. Reduce loading from organie in- 
dustries. 
If sufficient 


capacity is 


5. Add plant facilities. 
or excess sedimentation 
available, a separate sludge digestion 
tank may be indicated. 

6. When foaming has started, it may 
e corrected by : 


(a) Temporarily removing tank 
from service. 

(b) High-pressure spraying to 

break up gas bubbles in the 

foam. The quantity of water 

should be kept to minimum. 


Sometimes a gentle spray of 


2 
eit, 
be 


either water or sludge liquor 
directed at the foam is effee- 
tive. 

(ec) Agitating seum mechanically 
or manually to help release 
vas bubbles. 

Chlorinating raw sewage. 

¢) Adding hydrated lime to ad- 

pH to 7.0 or 

higher. sludge 
should be collected from sev- 
eral points in the tank to de- 
termine the quantity of lime to 
be added. The total amount 
may be fed in a dissolved con- 

dition at rates and in a 

manner which will distribute 

it uniformly to all portions of 
the 
vents. 


just slightly 


Samples of 


slow 


and 
An alternate method is 
to add it in dry form to the 
gas vents and thoroughly mix 
and distribute it by plunging 
Usually, adjust- 
ment of the pi is effective in 
preventing continuance of 
foaming, once addition of lime 


digestion zone vas 


and hosing. 


has been discontinued. Cor- 


rection of the condition eaus- 


To determine which laboratory anal- 
yses should be conducted and the de- 
sired frequency of these tests, the op- 
the 
was 


into 
the 


erator must account 


plant 


take 
objectives for which 
constructed. 

The influent to these tanks may be 
considered representative of the raw 
except, of for the 
screenings and grit removed by prepar- 
atory units. 


sewage, COUrse, 


In addition to analyses on the in- 
fluent, tests should be made on samples 
collected the 
compartment to determine the progress 
Under 


from sludge digestion 


and state of digestion. normal 


conditions, weekly tests on samples 


from several sections of the sludge zone 
should provide a good indication of the 
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ing the foaming is generally 
necessary. 


13.72 Symptom B—Sludge Does 


Not Flow through Draw- 
off 


13.721 Causes :— 


1. Sludge too viscous; or 

2. Obstruction at end of pipe, such 
as sand, sludge, 
sticks, ete. 


consolidated rags, 


13.722 Prevention and Cure: 


1. Remove plate from drawoff pipe 
and rod-out using long pole; 

2. Jet with fire hose, lowering nozzle 
to bottom of pipe ; 

3. Repair valve if broken ; 

4. Lower hose or perforated pipe to 
point in tank near inlet to drawoff 
pipe ; 

5. Remove heavy sludge from area 
near pipe with portable air lift; or 

6. When large quantities of grit have 
accumulated, it necessary to 
dewater tank and remove grit through 


vas vents. 


may be 


dewatering characteristics of the sludge, 
the prospects of foaming, and the state 
of digestion. 

Accordingly, tests are made for the 
following general purposes: 


1. To identify and measure signifi- 
cant constituents in the raw sewage to 
establish normal values and significant 
departures therefrom ; 

2. Measure loadings on the plant and 
the amount removed by the Imhoff 
tank; and 

3. Establish loadings to secondary 
treatment units or receiving stream. 


13.81 Solids Determinations 


one function of the Imhoff 
tank is the removal of solids, the de- 


Since 
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terminations discussed in Section 6.51 Determination of percentage of vola- 
are recommended. No direct measure- tile matter in the sludge indicates how 
ment can be made, of course, on the completely digestion has progressed. 


solids as they settle to the digestion Tests for moisture content coupled 


compartment, with volatile content give a good meas- 
ure of the dewatering characteristics 

13.82 BOD, pH, Residual Chlo- of the sludge. 
rine, and Coliform Or- When digestion has slowed and gas 
ganisms production continues to drop, tests 


See Sections 6.52, 6.53, 6.54, and 6.55. Should be made for the presence of 
toxic materials such as copper, chro 
13.83 Sludge Analyses mium, lead, zine, and eyanide. When 
Weekly determinations of pH should @"Y of these are present in signifi 
be made on sludge in the digestion Cat amounts, tests should be made 
zone. <A falling pH may indicate the regularly on the influent to the tank 
existence of conditions conducive to and a survey instituted to loeate the 
foaming. souree. 


COLORADO RIVER BASIN STUDY 


The Public Health Service has started a regional study of the 
Colorado River Basin with the following objectives: 


1. A determination of the specific pollutants and their concentrations 
which now exist or which may reasonably be expected to exist in the 
immediate future resulting from various water used within the basin 
and the establishment of priorities for developing data on, and seeuring 
needed remedial action at the most critical and pressing problem areas 

2. A determination of methods for securing the best possible water 
quality for multiple water use and the development of a comprehensive 
plan and program of water quality for multiple use within the Basin 
Which can serve as a guide for enforcement actions and to state and 
federal agencies having an interest in the prevention and control of 
water quality degradation. 


A laboratory has been established in Salt Lake City and the project 
is directed from Denver. 

There are a number of staff openings for this study and for the 
Great Lakes Basin study (see the Journan for October 1960, page 
1116). These positions vary from GS-7 through GS-14 and _ inelude 
chemists, biologists, bacteriologists, radio chemists, engineers, an econ 
omist, and a comprehensive planning chief. 

Those interested may contact the nearest regional office of the Public 
Health Service or Keith S. Krause, Public Health Service. Room 4223. 
HEW South Bldg... Washington 25, 
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TIPS AND QUIPS 


Budget for Safety * 


Safety has an important place in the 
budget. Outlays of the magnitude 
needed to provide for an effective pro- 
gram require advance planning. The 
check list in the table below is pro- 
vided to assist in determining needs. 

There are other items such as hard 


hats, goggles, and litters which are 


First Aid 
Kit 


Safety Equipment Check List 


Breathing 
App. Belt 


ure, and needed inspection and main- 
tenance procedures. 

The report on Small-Size Pipe for 
Sanitary Lateral Sewers makes recom- 
mendations regarding the minimum- 
size pipe to be allowed for use in 
street sanitary sewers in residential 
areas and the conditions which should 
be attached to the use of minimum-size 
pipe. Recommendations are also made 


Quantity Needed 


Safety Ventilating 


Treatment plant 1 large at least 2 at least 2 us necessary l 
Errand truck 1 small none none none i] 
Sewer maint. truckt 1—- med. none none none | 
Sewer maint. truckt 1—med. at least 2 at least 2 as necessary | 


t For above ground service. 


+ 


t For below ground service. 


needed to complete the equipment list. 
In addition, there are several kinds of 
vas-detection devices and breathing ap- 
paratus. 


Building Sewers and Small Laterals 


A new report, Residential Building 
Sewers, and a revision of a report 
originally issued in 1957, Small-Size 
Pipe fo Sanitary Lateral Sewers are 
now available. 

The report on Residential Building 
Sewers deals with the use of pipe made 
from six different materials—asbestos- 
cement, bituminized fiber, cast iron, 
concrete, plastics, and vitrified clay— 
and the jointing methods and materials 
and installation procedures used with 
each. Also treated are plumbing 
codes, existing standards, causes of fail- 


*From the Bulletin of the San Francisco 
say Section of the California Sewage and In- 
dustrial Wastes Association. 
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for good design, construction, and 
maintenance practices relative to the 
use of small-size sanitary sewers. 
These reports may be purchased 
from the Printing and Publishing 
Office, National Academy of Sciences— 
National Research Council, 2101 Con- 
stitution Avenue, Washington 25, D. C. 
Residential Building Sewers (NAS- 
NRC Publication 787) sells for $2.00 
per copy, and Small-Size Pipe for Sani- 
tary Lateral Sewers (NAS-NRC Pub- 
lication 507, Revised) sells for $1.50. 


Let the Good Times Roll 


A grit hopper at the Santa Rosa, 
Calif., treatment plant was found to 
be nestling 76 beer cans, most of them 
full. In what must have been the 
most difficult job of the year, the 
brewery had to be contacted to make 
sure that all floor drains were properly 
covered. 


Location 
Gas 
Device 


WHAT'S AHEAD FOR 1961? 


An Editorial 


Persons engaged in water pollution 
control may take great satisfaction in 
the attention received by the field dur- 
ing 1960. This attention reached its 
height with the National Conference on 
Water Pollution in Washington, D. C. 
in December. 

Whether or not 
ference 


feel this Con 


its objectives, it fo- 


\ ou 
achieved 
much 
activities. 
Eisenhower 


cused public attention on our 
The fact that President 
initiated the call for the 
Conference is in itself highly 
cant, though its inclusion 
vetomg the plant 
struction grants increase bill may have 
had some ‘‘kiss-of-death’’ aspects. No 
one can deny that scheduling the Con 
month after the 
election made it one easily associated 
with political implications. 

The 
sembly of those working in our field. 
There 
state and federal regulatory agencies, 
consulting industry, and 
plant operation. The total registration 
of 1,150 would surely have been mate- 
rially higher had not an unexpectedly 
severe snow storm crippled transporta 
tion over a large part of the United 
States on the day before the Confer- 
ence opening. 


signifi- 
even with 


his messave con- 


ference a national 


Conference was a strong as- 


was good representation from 


engineers, 


The announced purpose of the meet 
ing was to survey the national water 
pollution 
complishment toward its solution, and 
formulate a program of action to reach 
these goals. To those uninitiated to 
the complexities of water pollution con 
trol, specific items were expected for 
To others, the broad 


problem, set goals of ac- 


these categories. 


exchange of information among the 


heterogeneous froups represented in 
itself will advance these purposes. The 
contribution of the Conference to lone- 
range progress will become apparent 
only after due consideration with time. 

Federation members may take just 
pride in the Board of Control action of 
October adopting the 13-point Federa- 
Statement of Policy. The pro 
found nature of the Statement is ap- 
when the recommendations of 
the various panels of the National Con 
It ap 
pears to be a valid observation that the 
Federation Statement gave definite 
impetus to many of the panel reeom- 


tion 
parent 


ference are compared with it. 


mendations. 
What’s ahead for 1961? The fol 


lowing are strong probabilities: 


1. At least sustained and probably 
inereased rates of treatment plant con 
struction by both cities and industries 

2. Progress on understanding in wa 
ter pollution control by the great di 
versity of interests involved 


3. More 
basin or metropolitan area approach 


pollution control by the 

4. More research to extend our tech 
nical 
and develop new ones. 


knowledge of present methods 
More public information on the 
field to continually inerease the level 
of public awareness. 
6. Better operation of every facility 
for water pollution control. 


find 
satisfying and productive place in a 
field with its excite 
ment and challenge. 


Every Journal reader ean 


combination of 
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Varec’s economical gauge board indicator 
accurately gauges the movement of floating 
cover digesters with a simple working mech- 
anism...displays readings on a 12-foot, 
easy-to-read anodized aluminum gauge 
board installed directly outside the digester. 
The calibrated gauge board shows measure- 
ments in feet and inches... has a 10-foot 
range with an extra 2 feet of pointer meas- 
urement for greater cover or overflow travel. 
It provides ‘quick-at-a-glance’ reading with 
a bright red pointer that contrasts sharply 
against the white aluminum board and large, 


TRADE @ MARK 
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® cable that 
cover connection to 


black numerals. All parts are ruggedly con- 
structed and the working mechanism is 
enclosed in a protective housing. 


VAREC OFFERS POSITION INDICATORS 
FOR ALL DIGESTER COVER NEEDS... 
Other Varec cover position indicators 
include a dial type indicator that registers 
indication within a 10-foot range on a large, 
easily read dial and can be equipped with 
alarm switches. And, for remote control 
reading, Varec provides a highly-accurate 
gauge head indicator that delivers gauging 
accuracy to '% inch... adapts for use with 


electrical or pneumatic remote reading or 
control equipment. 


For complete information on all Varec digester 
cover position indicators, write for Varec Cata- 
log No. S-4, Dept. JW P-1221-4 


RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street » Compton, California 


Branches and Representatives in Principal Cities 


THE VAPOR 
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ACCURRATEE METHOD FOR 
INDICATING DIGESTER COVER POSITION 
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PROCEEDINGS OF MEMBER ASSOCIATIONS 


MISSISSIPPI SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The Third Annual Meeting of the 
Mississippi and Industrial 
Wastes Association was held at the 
Robert E. Lee Hotel, Jackson, Miss., 
Mar. 4, 1960. Total registration was 
89, with about an equal number at- 
tending the annual to hear 
an address by The Honorable Paul 
B. Lieutenant Governor 
Mississippi. 

At the well-attended technical ses- 
sion these discussions were heard: 


Sewage 


luncheon 


Johnson, ot 


‘*Package Sewage Treatment 
Plants,’’ by James B. Coulter, Chief, 
Suburban Sanitation Studies, U. S. 
Public Health Service, Cincinnati, 
Ohio. 


Advantages of Chemical Processes 
for Treatment of Chemical Wastes,”’ 
by T. L. Moore, Chief Sanitary Engi- 
neer, Gibbs and Hill, Ine., New York, 
N. Y. 

‘*Sewer Design and Construction,”’ 
by Robert A. Gerber, Assistant Editor, 
Water Pollution Control 
Washington, D. C. 

**Sewage 


Kederation, 


Lagoon Researeh,’’ 
Williford, 


Engineering, 


by 
Professor of 

Robert G. 
Microbiology, 
State 


Iloward K. 
Civil and 
Professor of 
Mississippi State 
College, Miss. 

At the business meeting the follow- 
ine were elected to serve during 1960 


ol: 


Tischer, 
University, 


President: James E. Jagger, Forest. 


(Continued on page 31a 


Lasting Service with 


[ DAVCO FLOODED 


SUCTION SEWAGE 
LIFT STATIONS 


@ Flexible Bulkhead Seals 
@ Flood Control Devices 
@ Trouble-Free Control System 


@ Lifelong Exterior Protection 
Superior coating with Gunite optional 


The Davco Flooded Suction Sewage Lift Stations, the result of years 


of research and exhaustive tests, 


For further details write 


provide the most versatile and trouble- 


free packages available. 
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STANDARD METHODS 
1ith Epition 


e NEW TITLE Standard Methods for the Examination of 
Water and Wastewater. 


e JOINTLY PRODUCED American Public Health Association (Pub- 
lisher), American Water Works Association, 
and Water Pollution Control Federation. 


DETAILED COVERAGE Laboratory manual and reference of more 


than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 
wastewater. 


NEW COVERAGE 


More than 100 pages added; new sections on 
radiology, bio-assays for toxicity of industrial 
wastes, and iron and sulfur bacteria. 


ORDER NOW Special price of $8 to members of any of the 


three sponsoring organizations if prepaid; 
without remittance, $10. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue, Washington 16, D. C. 


Publication: STANDARD METHODS FOR THE 
EXAMINATION OF WATER AND 
WASTEWATER, lith Edition. 


USE THIS COUPON 


Enclosed is remittance for $ 


Federation Member Association 


If an invoice is necessary, postage will be added. 
Checks may be made payable to WPCF. 
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WATER POLLUTION CONTROL PRODUCT GUIDE 


This list of products and services is offered as an information aid. The 
list was derived by solicitation from those firms listed. The JourNAL will 
make every effort to keep this list current with the help of Associate Mem 
bers and advertisers. All Associate Members and all advertisers for the past 
year are included. Many of the services and products are advertised in 
this issue. For an alphabetical listing see Index to Advertisers in back 
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Compressors, and Fans) Sedimentation Equipment) Concrete 
Chicago Pump C Alpha I td (Switzerland) Portland Cement Assn 
Roots-Conner walle Blower, Div Ar in Well Works : 
Dresser Industries Inc Ralph B. Carter Co Concrete Pipe Products 
Sutorbilt Corp. i Be It Co prican Concrete Pressure Pipe 
Yeomans Brothers Co hicage » Co I 
Zimmer & Francescon 


b 
ner 


Marietta Cr 
in rp ray ncrete Pipe Co., Inc 
Boilers | : raver iter Conditioning Co ustrial Co 
Combustion Engineering, Inx linge . Inc 
Building Maintenance Equip- ’ . Sewer Pipe Ltd. (Canada) 
ment and Supplies Mig. C : I rtland Cement Assn 
Homestead Valve Mig Co ne-Sanderson Engr ( orp Price Bro Cc 0 
akeside Engineering Corp 
ink-Belt ¢ Construction Equipment 
Cast Iron Pipe Products ermu ‘o., Div. of Pfaudler Pe Chain Belt , 
American Cast Iron Pipe Ci mutit ¢ Eimco Corp 
Cast Iron Pipe Research Assn Walker Process Equipment Inc Worthington Corp 
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Vice-President: 
University. 


Tom W. Stallworth, 


Director: Garner M. Lester, Jackson. 
Secretary-Treasurer: Neil Me- 
Mahon, 
New G. McManon TENNESSEE CORPORATION 
Secerctary-Treasurer 


VIRGINIA INDUSTRIAL 
WASTES AND SEWAGE WORKS 
ASSOCIATION 


The 14th Annual Meeting of the 
Virginia Industrial Wastes and Sew- 
age Works Association was held at the 
John Marshall Hotel, Richmond, June 
15-16, 1960. Attending the two-day 
meeting were 108 men and 27 ladies. 

The program included these inter- 
esting presentations: 


‘*The Impact of Man’s Wastes upon 
His Environment,’ by Clair N. 
Sawyer, Associate, Metcalf and Eddy, 
Boston. 

‘Recent Developments in the Appli- 
cation of the Activated Sludge Process 
for the Treatment of Pulp and Paper 
Wastes,’’ by R. L. Laws, Head, Pol- 
lution Abatement Department, West 
Virginia Pulp and Paper Co., Coving- 
ton. 


“The Richmond Sewage Disposal 
Problem and Its Solution,’’ by Warren 
Sadler, Greeley and Hansen, Rich- 
mond. This paper was followed by a 
field trip to the city plant. 

‘Evolution of Suburban Sewage Dis- 
posal and Sewage Treatment Plants,’’ 
by Stanley E. Kappe, Kappe and As- 
sociates, Washington, D. ¢ 


“Vacuum Filtration Experiences at 
Alexandria,’’ by Samuel W. Shafer, 
Engineer-Director, Alexandria Sanita- 
tion Authority, Alexandria. 

**Vacuum Filtration of Raw 
Sludge,’’ by James R. Dooley, Super- 
intendent, Fairfax. 

Sampling Methods and _ Teech- 
niques,’” by W. Thompson Barron, 
Superintendent, Hampton Roads Sani- 


tation Distriet Commission, Norfolk. ine TENNESSEE CORPORATION 


(Continued on page 37a) 612-629 Gront Building. Atlante 3, Georgio 
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Controls (also see Instruments, Re- 
cording and Control) 
Builders-Providence Div., 

dustries 
Burgess-Manning Co., 
ments Div. 
Chicago Pump Co. 
Fischer & Porter Co. 
Foxboro Co. 
General Electric Co. 
Homestead Valve & Meter Co 
Infilco Inc. 
Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 
Ohmart Corp. 
Permutit Co., Div. of Pfaudler Per- 
mutit Co. Inc. 
Rockwell Mig. Co. 
Wallace & Tiernan Inc. 
Westinghouse Electric Corp. 
Worthington Corp. 


B-I-F In 


Penn Instru 


Conveyors 
American Well Works 
Chain Belt Co. 
Chicago Pump Co. 
Jeffrey Mig. Co. 
Link-Belt Co. 

Stuart Corp 

Webster Mfg., Inc. 


Corrosion Protection 
Amercoat Corp. 

Chicago Pump Co. 
Corrosion Control Co., Inc. 
Inertol Co., Inc. 
Johns-Manville Sales Corp. 
Koppers Co., Inc. 
Perry-Austen Mig. Co. 

A. O. Smith Corp. 
Stebbins Engr. & Mfg. Co. 
Wallace & Tiernan Inc. 


Couplings 
Link-Belt Co. 


Diffusers, Air (also see Aerators) 

Alpha Ltd. (Switzerland) 

American Well Works 

Carborundum Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Infilco Inc. 

Lakeside Engineering Corp. 

Link-Belt Co. 

Pacific Flus h Tank Co. 

Penberthy Mfg. Co., Div. 
Eclipse Corp 

Walker Process Equipment Inc 

Wemco Div., Western Machinery Co 

Zimmer & Francescon 


of Buffalo- 


Diffusers, Gas (also see Aerators) 
American Well Works 

Carborundum Co. 

Chicago Pump Co. 

Eimco Corp. 

Infilco Inc. 

Walker Process Equipment Inc 
Yeomans Brothers Co 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co. 
Chicago Pump Co. 
Dorr-Oliver Inc. 

Eimco Corp. 

Gorman-Rupp Co. 

Hardinge Co., Inc. 

Infilco Inc. 

Jeffrey Mfg. Co. 

Lakeside Corp 
Link-Belt Co. 

Pacific Flush Tank Co. 

4. O. Smith Corp 

Smith & Loveless 

Vapor Recovery Systems Co 
Walker Process Equipment Inc 
Yeomans Brothers Co 
Zimmer & Francescon 
Distributors, Rotary 
Alpha Ltd. (Switzerland) 
American Well Works 
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Ralph B. Carter Co 

Dor Otiver Inc 

Eimco Corp 

Infilk Inc 

Lakeside Engineering Corp 


Tank Co 
rocess Equipment Inc 
Brothers Co 
Zimmer & Francescon 


Dryers 
Alpha Ltd 
Combustion 
Eimco Corp 
Hardinge Co., Inc 
Komline-Sanderson 
Link-Belt Cx 
s Engr 


(Switzerland) 
Engineering, Inc. 


Engr. Corp 


& Research Corp 


Ejectors 

Komline-Sanderson 
Smith & Loveless 
Tex-Vit Suppl 
Yeomans Brothers C 


Engr. Corp 


Engineers (see Professional 


elsewhere in tl issue ) 


Services, 


Engines (Sludge 
_troleum 
i > & Co 

Motor Co 
Corp 


Gas and Pe- 


Waukesha 
Worthingt 


(also see Air 
ind C 
pc 
Engineering Corp 
Westir wd use Electric Corp 


Compressors 
mpressors ) 


Equipment, Trickling 
td (Swit zerland) 
V 


Equipment _Corp. 
Materials Co 


<< sbey & Mattison Co 
line- Sanderson Engr 
eering Ce 

& Re ear h ‘Cue 


rp. 


Filter Materials 
Carborur dum Ce 
Filtr n Equipment Corp. 
Glenn ( *hemical Co 
3 ter oning Co. 
trial Materials 
ihns-Manville Sales Corp. 


Filters, Diatomaceous Earth 
Graver Water Cor mnditic ming Co 
eomans Brother 


Filters, 
Filters) 
Bird Machine Co. 
Dorr-Oliver Inc 
Eimco Corp 
Proportioneers Div 


Vacuum (also see Vacuum 


B-I-F Industries 
Flocculating Equipment 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B Carter Co 

Chain It Co 

Dot Olive Inc. 

Eimco Corp 

Graver Water Conditioning Co 
Hardinge Co., Inc. 


gineering Corp 
Equipment Inc. 
Inc 
& Francescon 
Flotation Equipment 
Chain Belt ( 
Inc 
Gri aver Water Conditioning Co 
Comline-Sanderson Engr. Corp 
mar Br ther { 
Flow Measurement 
Burges Manning Co., Penn Inst ; 
ts Div 
Filtrat ion Equipment Corp 
Gas Control Equipment 
Alpha Ltd. (Switzerland) 
Burgess-Manning Co., Penn Instru- 
‘nts Div 
Carter Co 
Ce 


Gas Diffusers (see Diffusers, Gas) 
Gas Holders, 
purte nances 

B irter Co 


Boilers, and Ap- 


Sales Corp 3 
Moines Steel Co. a 
Equipment Inc 


Gaskets 


Johns-Manville 
Keasbey 


Sales Corp 4 
& Mattison Co \ 


Drainage & Metal Products 


ent c orp 


now Gat , Inc. 
Webster Mfg., 
Generators 

Fairbanks, Morse & Co 
General Electric Co 
Westinghouse Electric 
Worthington Corp 


Corp. 


Grinders (also see Shredders and : 


Grinder 
Ipha 


mericar Well 
( 


(Switzerland) 


| Works 


Grit Collection and Condition- 
ing Equipment 

Alpha Ltd. (Switzerland) 

Americar ell Works 

Chain Belt Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

In file Inc 

Jeffrey Mig. Co. 

Link-Belt Ce 

Stuart Corp 

Walker Process Equipment Inc. 

Webster Mig., Inc 

Zimmer & Francescon 


| 
Stuart Cory 
og | 
| | 
| 
| 
| 
| 
Pa I k Ce 
ng Rockwell Mfg. Co 
sid Vapor Recovery Systems Co 
om Walker Proce Equipment Inc 
Sg | Zimmer & Francescon 
Dorr-Oliver Inc 
Fir Corp 
Johns-Manville 
ofS Ral; er ( Pittsburgh-De 
| Dorr-Oliver Inc Walker Proces 
ode | Dow Chemical Co. 
Eimco Corp 
| Filtration 
Industrial 
Infil - 
Gates 
k Armco 
Inc 
In 
Smi & Lovele 
Trickling Filter Floor Inst 
ee Walker Process Equipment Inc. : 
fe Yeomans Brothers Co 
a | Zimmer & Francescon j 
| 
orr-Oliver Inc 
Gruendler Crusher & Pulverizer C 
If Jeffrey Mig. Co 
Yeomans Brothers Co 
| 
| 
: 
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WPCFE publications 


Safety in Wastewater Works Sewage Treatment Plant Design 

Contains information on hazards, acci- Prepared jointly by the Federation and 
dent statistics, rescue methods, safe prac ASCE. Detailed presentation of the sub 
tices, and equipment. 56 pages. $0.75 ject. 375 pages. $3.50 to members; $7.00 
to members; $1.50 to others. Order as to others. Order as Item MOP-8.* 


Item MOP.-1.* 


Design and Construction of 


Utilization of Sewage Sludge as Sanitary and Storm Sewers 

Fertilizer Prepared jointly by the Federation and 
An authoritative evaluation of advan- ASCE. Detailed presentation of the sub- 

tages and limitations of sludge as a soil ject. 283 pages. $3.50 to members; $7.00 

conditioner. 120 pages. $0.75 to mem- to others. Order gs Item MOP-9.* 

bers; $1.25 to others. Order as Item 

MOP.2.* 


Twenty-Year Index to Sewage 
ane Works Journal 
Chlorination of Sewage and In- Covers Sewage Works Journal, 1928- 


dustrial Wastes 1948. Author, subject, and geographic. 
144 pages. Buckram bound, $3.00. Order 


Reviews history, development. and t 
as Item Dex-20 


date technique of chlorine application. 90 

pages. $1.00 to members; $1.25 to others 

Order as MOP-4.* Ten-Year Index to Sewage and 
Industrial Wastes 


Air Diffusion in Sewage Works 


Covers Sewage and Industrial Wastes, 

History and modern practice in design, 1949-1958. Author, subject, and geo- 
installation, operation, and maintenance of graphic. 168 pages. Buckram, $4.00; heavy 
diffuser systems and appurtegances. 75 paper, $3.00. Order as Item Dex-10 
pages. $1.00 to members; $1.25 to others 


Order as Item MOP.5.* Glossary—Water and Sewage 


Control Engineering 
Units of Expression for Wastes Prepared jointly by the Federation, ASCE, 


and Waste Treatment AWWA, and APHA. 2,600 terms per- 
taining to nomenclature 274 pages 
$1.00. Order as Item G! 


Lists of recommended units for quantities 
ordinarily encountered in wastes and waste 
treatment. 8 pages. $0.25 to members, 
$0.50 to others. Order as Item MOP-6.* Binder 


Multiple wire, 2-in. capacity, for all 
Sewer Maintenance MOP’s listed except 8 and 9. $2.00 


Order as Item Bi.* 
A guide for maintaining a municipal or 


industrial drainage system in serviceable 


condition. 64 pages. $1.00 to members * Discount of 15% on orders tor 12 or 

$1.50 to others. Order as Item MOP-7.* more of any one manual 
| Water Pollution Control Federation | 
: 4835 Wisconsin Avenue, Washington 16, D. C. 7 
| Item (| Copies! Cost Item | Copies | Cost Item (Copies; Cost | 
MOP-1 MOP-6 Bi 

MOP-2 MOP-7 Dex-20 

| MOP-4 MOP-8 Dex-10 | 
| “MOP-s MOP-9 GI | 
: Enclosed is remittance for $ : 
| Print Name | 
Address 
City Zone State 
| Member Association = ee | 
If an invoice is necessary, postage will be added. Checks may be made payable to WPCF. l 


f 
| 


Grounds Maintenance 
ment and Supplies 
Homestead Valve Mfg. Co 


Equip- 


Heating Equipment for Diges- 
ters and Buildings 

Alpha Ltd. (Switzerland) 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

General Electric Co. 

Infilco Inc 

Link-Belt Co. 

Pacific Flush Tank Co. 

Walker Process Equipment Inc 


Incinerators 
Combustion Engineering, 
Morse Boulger, Inc. 
Nichols Engr. & Research Corp 
Pittsburgh-Des Moines Steel Cx 
Walker Process Equipment Inc 
Zimmermann Process Div. of Sterling 
Drug Inc 


Inc. 


Insect Control 
Glenn Chemical Co. 


Inspection, Sewers 
Centriline Corp. 
National Water Main Cleaning Co 


and 
and 


Instruments, 
Control (also 
Recorders) 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div 

Fischer & Porter Co. 

Fisher Scientific Co. 

Foxboro Co. 

General Electric Co. 

Hach Co. 

Infilco Inc. 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Ohmart Corp 

Rockwell Mfg. Co 

Wallace & Tiernan Inc 

Westinghouse Electric Corp 


Recording 
see Controls 


Penn Instru- 


lon-Exchange Equipment 

Permutit Co., Div. of Pfaudler 
mutit Inc. 

A. O. Smith Corp. 


Jointing Materials 
American Concrete 
Assn 

Gray Concrete Pipe Co., 
Keasbey & Mattison Co. 
National Clay Pipe Mfrs 
National Sewer Pipe Ltd. 
Perry-Austen Mig. Co 
Robinson Clay Product Co. 
Stebbins Engr. & Mfg. Co. 
Wedge-Lock Clay Pipe Mfrs 


Pressure 
Inc 


Inc 
(Canada) 


Joints, Mechanical 
American Cast Iron Pipe Co 
Johns-Manville Sales Corp 
National Sewer Pipe Ltd. 
Robinson Clay Product Co. 
Smith-Blair, Inc 

U. S. Pipe & Foundry Co. 
Wedge-Lock Clay Pipe Mfrs 


(Canada) 


Laboratory 
Supplies 

Filtration Equipment Corp 

Fisher Scientific Co. 

General Chemical Div., 
ical Corp. 

Hach Co. 

Stuart Corp. 


Lift Stations 
Davco Corp. 

Smith & Loveless 
Tex-Vit Supply Co. 
Yeomans Brothers Co. 


Equipment and 


Allied Chem- 


B-I-F In- | 


Per- | 


Pipe 


JOURNAL WPCF 


Lighting Fixtures 
General Electric Co 


Westinghouse Electric Corp. 


Lubricants 
Homestead Valve Mfg. Co. 
Johns-Manville Sales Corp. 


Manhole and Inlet Castings 
American-Marietta Co 
Vapor Recovery Systems Co 


Masonry Building Materials 
American-Marietta Co 

Portland Cement Assn 

Price Bros. Co 

Meter Boxes 

Johns-Manville Sales Corp. 


Meters (Sewage, 
Air, and Gas) 
Builders- Providence 
dustries 
Burgess-Manning Co., 
ents Div 
h B Carter Co 


Sludge, Water, 


Div., B-I-F In- 


Penn Instru- 


lis Ho meywell Regulator Co., 
Div 
Blower, Div. of 
istries Inc 

Simplex Valve and Meter Co. 

Worthington Corp 

Mixing Devices 

Alpha Ltd. (Switzerland) 

: Well Works 

Carter Co. 


Equipment Inc 
, Western Machinery Co 


Process 
Div 


Wemc 
Motors 
Ch 


Westin igh use Electric Corp. 
Worthington Corp 


Odor Control Materials 
Airkem In 

Tennessee Corp 

Wallace & Tiernan Inc. 


Odor Counteractants 
Airkem Inc 


Package reatment 
Chain Belt Co 

Chicag Pum p Co. 
Dorr-Oliver Inc 

Infilco Inc 

Municipal Service Co. 
Smith & Loveless 

Yeomans Brothers Co. 
Packing 

Johns-Manville Sales Corp. 
Keasbey & Mattison Co 


Paints and Protective Coatings 
Amercoat Corp 
I ge Inc 
Inc 
sten Mfg. Co. 
Smith & Loveless 
Stebbins Engr. & Mfg. Co. 


Pipe, Asbestos Cement 
Industrial Materials Co. 
ohns-Manville Sales Corp. 
Keasbey & Mattison Co. 

Pipe, Cast Iron 

American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
Industrial Materials Co. 

U. S. Pipe & Foundry Co. 

R. D. Wood Co. 


Pipe, Clay 

Industrial Materials Co. 
National Clay Pipe Mfrs 
National Sewer Pipe Ltd. (Canada) 
Robinson Clay Product Co 
Wedge-Lock Clay Pipe Mfrs 


Inc 


Pipe Cleaning 

Centriline Corp 

Flexible Inx 

Homestead Valve Mfg. Co. 

ational Water Main Cleaning Co 


H. Stewart, Inc 


Pipe Coatings and Linings 
Amercoat Corp 

Americ: in Pipe & Construction Co 
Centriline Corp 

Koppers Cc In 

National bs iter M: ain Cleaning Co 
Perry-Aus Mig. Co 

Stebbins ee & Mfg. Co 


Pipe, Concrete 
American Concrete 
Assr 

American-Marietta Co 
American Pipe & Construction Co 
Gray Concrete P ~ Co., Inc 

Lock Joint Pipe 
National Sewer 
Portland ¢ Cement 
Price Bros. Co 


Pipe, Fiber 
Sonoco Products Co 


Pressure Pipe 


p ipe Ltd 
Assn 


(Canada) 


Pipe Fittings 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn 
Keasbey & M attison Co 
Sewer Pipe Ltd. (Canada) 
Product Co 


Pipe & F undry Co 
Wedge Lock ( lay Pipe Mfrs 
R. D. Wood C 
Pipe Jointing Materials 

Jointing Materials) 
Pipe, Plastic 
Amercoat Corp 
Evanite Plastic 


(see 


Co. 
Pipe, Repairs 
Centriline Corp 
Smith-Blair, Inc. 


Pipe, Steel 
American Pipe & Construction Co 
Armco Drainage & Metal Products, 


Plastic Pipe Products 
Amercoat Corp 

Evanite Plastic Co 
Keasbey & Mattison Co 


Publications 

American City Magazine 
Engineering News-Record 

Liverpool University Press (England) 
Public Works Magazine 

Wastes Engineering 

Water & Sewage Works 

John Wiley & Sons, Inc 


Pump Controls 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div 

Chicago Pump Co 

Fischer & Porter Co 

Foxboro Co 

General Electric Co 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div. 

Rockwell Mfg. Co 

Smith & Loveless 

Tex-Vit Supply Co 

Westinghouse Electric Corp. 

Worthington Corp 

Zimmer & Francescon 


B-I-F In- 


Penn Instru- 


ig 
| 
| 
a 
| 
3 
| 
Corp. | 
| 
| 
J 
Chain Belt | 
Dorr-Oliver Inc. 
Eimco Cory : 
Infileo Inc ; 
Jeffrey Mfg. C 
| 
Pump Co | 
rae Fairbanks, Morse & Co. 
General Electric Co 
é 
ere 4. O. Smith Corp 4 
| 
| 
Pare, 
a 
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specialists 


* Sewer and Pipe Cleaning Equipment 
* Sewer Rods Sectional Steel Rods 
* Complete Sewer Cleaning Machines 
* Braces and Guides 
* Buckets, Root Cutters, Drag Tools 


Save the cost of experimenting. Consult Stewart for any prob- 
lem in the specialized field of pipe cleaning. 


W.H. STEWART, ING. 767, syracese, 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘ Parker- 
ized” for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW Gates & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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Pumps, Airlift 

Davco Corp. 

Walker Process Equipment Inc 
Pumps, Chemical Feed 
Proportioneers Div., B-I-F Industries 


Pumps, Gas 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc. 

Sutorbilt Corp. 

Pumps, Grit 

Nagle Pumps, Inc. 

Pumps, Sewage 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co 

Chicago Pump Co 

Davco Corp. 

Eimco Corp 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Infilco Inc 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 

Smith & Loveless 

Sutorbilt Corp. 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery Co 

Worthington Corp 

Yeomans Brothers Co 

Zimmer & Francescon 


Pumps, Sludge 

Alpha Ltd. (Switzerland) 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co. 

Ralph B. Carter Co 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Hardinge Co., Inc 

Infileo Inc 

Komline-Sanderson Engr. Corp 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 

Nagle Pumps, Inc 

Sutorbilt Corp. 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery C: 

Worthington Corp 

Yeomans Brothers Co 

Zimmer & Francescon 

Pumps, Vacuum 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc. 

Sutorbilt Corp. 

Pumps, Water 

American Well Works 

Aurora Pump Div., The New York 
Air Brake Co 

Ralph B. Carter Co 

Chain Belt Co 

Chicago Pump Co. 

Eimco Corp 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 

Wallace & Tiernan Inc 

Worthington Corp 

Yeomans Brothers Co 

Zimmer & Francescon 


Radiation Monitoring Equip- 
ment 
Westinghouse Electric Corp. 


Radios, Mobile 
General Electric Co 


Recorders (also see Instruments, 
Recording, and Control) 

Builders-Providence Div., B-I-F In- 
dustries 

Burgess-Manning Co., Penn Instru- 
ments Div. 

Fischer & Porter Co. 

Fisher Scientific Co. 

Foxboro Co 

General Electric Co. 
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Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Ohmart Corp 

Wallace & Tiern an In 


Refractory Building Materials 
Carborundum Co 

Johns-Manville Sales Corp 

Robinson Clay Product Co 

Stebbins Engr. & Mfg. Co 


Safety Equipment 
Vapor Recovery Systems Co 


Sampling Equipment 
Chi agi rump Co 

Infileo Ir 

Lakeside 1 ngineering Corp 


Sand, Gravel, and Stone 
Graver Water Conditioning Co 


Screening Equipment 
Alpha Ltd. (Switzerland) 
Americ an Well Works 


cess Equipment Inc 
Francescon 
Sedimentation Equipment 

larifier Equipment) 

td. (Switzerland) 

» Well Works 

Carter Co 
Belt Co 


aver ater Conditioning Co 
Har 


nline-Sanderson Engr. Corp 

I ake ide Engineering Corp 
ink-Belt 

Ww alker Process Equipment Inc 

Webster Mfg... Inc 

Yeomans Brothers Co 


Sewer Cleaning Equipment 
Flexible In 

Homestead Valve Mfg. C« 
National Water Main Cleaning Co 
W. H. Stewart, Inc 


Sewer Inspection (see Inspection, 
Sewers) 


Shredders (also see Comminutors 
and Grinders) 
ha Ltd. (Switzerland) 
Be t ¢ 
Inc 
Gruendler Cru her & Pulverizer Co 
Jeffrey Mig. Ce 
Yeomans Brothers Cx 


Siphons 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co 

Eimco Corp 

Infilco Inc 

Lakeside Engineering Corp. 

Pacific Flush Tank Co 

Yeomans Brothers Co 

Sludge Concentrators 

Eimco Corp 

Nichols Engr. & Research Corp. 

Sludge Flotation Equipment (see 
Flotation Equipment) 


Sludge Handling and Control 
Chain Belt Co 
Dorr-Oliver Inc 


& Research Corp 
W alker Pr. rocess Equipment Inc 


Zimmermann Process Div. of Sterling 
Drug Inc 


Sludge Kemoval Equipment 

Jeffrey Mig. Co. 

Link-Belt ( 

Webster Mfg.. Inc 

Zimmermann Process Div. of Sterling 
Drug Inc 


Sludge Shredders 

Alpha Ltd. (Switzerland) 
Gruendler Crusher & Pulverizer Co 
Jeffrey Mig. Co 

Sprockets 

Chain Belt Co 

Link-Belt C 

Webster Mig. Inc 


Steel Pipe Products 
Armco Drainage & Metal Products, 
In 


Structural Metal 
Alpha Ltd. (Switzerland) 


td. (Switzerland) 
lectric Co 
Westinghouse Electric Corp 
Worthington Corp 


Tanks 
Chain Belt Co 
( 


Moines Steel Co 


ne 


Corp 
Stebbins Engr. & Mfg. Co 


Tools 

Flexible Inc 
Transformers 

Alpha Ltd Switzerland) 
General Electric Co 
Westinghouse Electric Corp 


Trickling Filter Equipment (see 
Filter Equipment, Trickling) 


Trucks and Tractors 
Eimco Corp 


Turbines 
Worthington Corp. 


Vacuum Filters (also see Filters 
acuum) 

Bird Machine Co 

Dorr-Oliver Inc 

Eimco Corp 

Komline Sanders yn Engr. Corp 

Proportioneers Div., B-I-F Industries 


Valves and Gates 
Armco Drainage & Metal Product 
Inc 


Builders-Providence Div., B-I-F In 


Valve Mfg. Co 
p 
Equipment Corp 
stead Valve Mig. Co 
Industrial Materials 
lowa Valve 
Mueller 
Rockwell Mig. Co 
‘onnersville Blower, Div. of 
r Industries Inc 
Simplex Valve and Meter Co 
P. Smith 
Snow Gates 
> Electric 
W-K-M Div. of ACF Industries, Inc 
R. D. Wood Co 
Yeomans Brothers Co 


Vessels (see Tanks) 


Weighing Devices 

Builders-Providence Div., B-I-F In- 
dustries 

Fairbanks, Morse & Co 

Fisher Scientific Co 

Wallace & Tiernan Inc 
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‘ Chic igo Pump Co. 

Eimco Corp | 

n I : 
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‘Tentative Conclusions and Prog- 
ress Report on Operation of Raw 


Sewage Stabilization Ponds at Farm- 


ville,”’ by Charles E. ‘ooley, Engi- 
neer, State Water Control Board, 
Richmond. 


At the Annual Banquet, WPCF Ex- 
ecutive-Secretary Ralph E. Fuhrman 
presented the Bedell Award to Frank 
Il. Miller, General Manager and Chief 
Engineer, Hampton Roads Sanitary 
District, for his tireless and effective 
behalf of the Virginia As- 
Hatfield Award went 
Dooley for his outstanding 
achievements in the field of plant op- 
eration. Mr. Dooley is superintendent 
treatment of Fairfax 


work on 
sociation. The 
to James 


of sewage 
County. 

At the 
officers were 


61: 


business session the following 
elected for the year 1960- 


Preside nt: Harry 
Vice side nt: 


L. Hale, Fairfax. 
Chalkley DuVal, Rich- 


mond. 
Secretary-Treasurer: Orval J. Hand, 
Hopewell. 
OrvaL J. Hanp 


Secretary-Treasurer 


NEW YORK SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 
Spring Meeting 
The 1960 spring meeting of the New 
York and Industrial Wastes 


Sewage 


THE Z-F GREASE 


JOURNAL WPCF 
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Association was held Kutsher’s 
Country Club, Monticello, N. Y., June 
7-8, 1960. Of the total registration 


of 162, 92 
sociation, 
guests. 
The first technical session immedi- 
ately followed the business session and 
these papers were presented: ‘‘Air 
Flotation Pilot Plant Operation at 
Niagara Falls,’’ by E. J. Smith and 
Superintendent and 
Chemist, Niagara Falls sewage treat- 
ment works; ‘‘ Volatile Acids by Di- 
rect Titration,’’ by Rosemarie Di Lallo, 
Plant Chemist, New Rochelle Sewage 
Treatment Works, and Orris Albert- 


were members of the As- 
There were 50 women 


Locey, 


son, Sanitary Engineer, Dorr-Oliver 
Ine., Stamford, Conn.; ‘‘Sewage Sol- 


ids Control Using Radioactive 
Gages,’’ by P. E. Ohmart, President, 
Ohmart Corporation, Cincinnati, Ohio; 
‘Simplified Operating Procedures for 
RatedAeration Plants,’’ by P. M. 


Thayer, Chicago Pump Company, Chi- 
cago, Lll.; ‘‘Operational Problems in 
Starting a New Sewage Treatment 


Chief 
sewage 


Plant,’? by Howard Selover, Jr., 
Operator, North Tonawanda 
treatment works. 

The June 7 technical program was 
given over entirely to a panel discus- 
sion of the topic, ‘‘ Industrial Wastes 
—What Are Municipal Responsibili- 
ties?’ The moderator of the panel 
was R. D. Hennigan of the Division 


(Continued on page 38a) 


AUTOMATIC LUBRICATION 
For Centrifugal Pump Glands 


i The Z-F Grease Seal applies constant positive lu- 
brication to packing and shaft — automatically. 
proved shut-off mechanism permits use of either 
grease or oil. 

No more trouble spot where shaft enters casing —elimi- 
nates excessive heat, rapid wear, leak- 
age and scoring. 

Horizontal or vertical mounting. 
Many other advantages too. Write fer 
complete description and price. 
Zimmer & Francescon, P.O. Box 359, 
Moline, 


Im- 


: 
SEAL 
~ i. “ 


JOURNAL WPCF 


TECHNICAL EDITOR 


Career opportunity technical 


editor in wastewater field. Duties 


primarily 


well-established and authoritative 
monthly, located in the East. Must 
be trained sanitary engineer hav- 


first-hand 


treatment plants. Editorial expe- 
rience desirable but not necessary. 
Editorial interest and aptitude es- 
sential. Interesting and challeng- 
ing work with growing organiza- 
tion. Send resumé containing per- 
sonal history, experience, educa- 
tional record, and salary require- 
ment to: 

Box R, JOURNAL WPCF 


$435 Wisconsin Avenue 
Washington 16, D. C. 


concerned 


familiarity 


Engineer. 


fringe. 


HELP WANTED 
SUPERINTENDENT 


OF SEWAGE 


Graduate Civil or Sanitary 


experience in operation of 
activated sludge plant. Sal- 
ary to $8988 per year, plus 
Address inquiries 


Personnel Department 
Post Office Box 427 


City of El Cajon 
California 


Prefer previous 


of Environmental Health Serviees of 
the New York State Health Depart 
ment. Participating on the panel 
were Uhl T. Mann, Director of Sew- 
age Plant Operations, Onondaga Pub- 
lic Works Department; N. H. Kireh- 
gessner, Chemical Engineer, Hooker 
Chemical Company, North Tonawanda ; 
F. J. Drehwing, Consulting Engineer, 
Stearns and Wheler, Cazenovia, and 
Nelson Nemerow, Professor of Sani- 
tary Engineering, Syracuse Univer. 


| sity. 


R. C. Sweeney 
Secretary-Treasurer 


Personnel 
Service 


ads will be accepted for “Personnel Avail 
ble ind ‘Personnel Wanted’ only Rates are $1.5 
per line, with minimum of $ Deadline for ad copy 
10th of the month preceding the issue desired ud 
opy to Classified Dept., Water Pollution Control Federa 
ition, 4435 Wisconsin Ave Washington 16, D. ¢ Send 


replies to same address 


Personnel Available 


Registered engineer desires position in which 


wide experience in treatment f water and wastewater 
will be of most value. Professional registration in three 
states. Greater part of experience with water and waste 
water problems of the cotton textile and rayon industrie 

Prefer Southeast Available immediately Write Box 


CD-1, JOURNAL WPCE, 


Sanitary engineer, BCE, MCE, PE, age 31, 10 


years experience water supply, sewage treatment, and 


industrial wastes investigations and designs Full charge 
of projects. Location desired: N. Y., Fla., Ariz., Calif 
Write Box CD-2, JOURNAL WPCF 


Personne! Wanted 


Pump manufacturer has opening for engineer 
with training and experience in the sewage disposal field 
Opportunity offered relates to technical, product develop 
ment and application, industry standards and marketing 
aspects of this field. This is an expansion program 
Background with submerged-type sewage pumps desira 
ble. Write fully in first letter. All inquiries will be 
acknowledged. Write Box CD-3, JOURNAL WPCEFE. 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Kates 
THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


Water. Sewage, Industrial Wastes and Incineration Problems 


ALVORD, BURDICK & HOWSON 
Engineers 


Charles B. Burdick Louis RK. Howson 
Donald H. Maxwell 


Water Works, Water Purification, 
Flood Relief Sewerage Sewage 
Disposal Drainage, Appraisals, 


Power Generation 


Civic Opera Building Chicago 


GG mpany 
Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Hartford, Conn Boston 14 


ANDERS@N-NICHOLS 


JOHN J. BAFFA 


Consulting Engineer 


Sewerage & Sewaze Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 

Civil Engineers, Planners, and Surveyors 
Municipal Engineers — Airport Design —Sewage Disposal 
Systems —Water Works Design and Operation -Surreya 
and Maps—City Planning —Highway Demgn —Construc- 
tion Surveys —Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies 


Sewer Systems 


Water Treatment 
Sewage Treatment 
Industrial Waste Treatment 

Investigations 


P. O. Box 166 Crystal Lake, Hlinols 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Blological and Chemica! Analyses 


Amherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 
Consulting Engineers, Inc. 
WATER WORKS SWIMMING POOLS 
INDUSTRIAL WASTES DRAINAGE 
SEWERAGE GARBAGE DISPOSAL 
VALUATIONS RATES REPORTS 

OPERATION SUPERVISION 


553 S. LIMESTONE ST., LEXINGTON, KY. 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
Journat. This is where potential 
clients seek professional assistance. 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


BENHAM 
ENGINEERING COMPANY 


Consulting Engineers 


215 N.E. 23rd Oklahoma City 


Established 1909 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


BETZ LABORATORIES, INC. 


Consulting Engineers 
Industrial Waste 
Industrial Water 
Analysis Design 


Investigations 


Gillingham & Worth Sts. 


Operation 


Philadelphia 24, Pa. 


BLACK & VEATCH 
Consulting Engineers 
Sewage — Gas ~ Water — Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 


Consultants 


CLINTON L. BoGERT Ivan L. BoGert 
DoNaLD M. DitTMars RoBpert A. LINCOLN 
CHARLES A. MANGANARO WILLIAM MARTIN 


Water & Sewage Works 
Drainage 
Highways and Bridges 


Incinerators 
Flood Control 
Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 
75 West St. 
New York 6, N.Y. 


1000 Farmington Ave. 
West Hartford 7, Conn 


BOYLE ENGINEERING 
Consulting Engineers 
Water Sewers Streets 


Structures Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE- INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET 


SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 


Water and Sewage Works 
Industrial Waste Control and Treatment 


Laboratory Services 


508 TENTH STREET DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 
CONSULTING ENGINEERS 


Water Supply — Purification — Sewerage — Sewage Treatment — Power and Industrial 
Plants — Industrial Waste Treatment and Disposal 
Reports — Designs — Supervision — Operation 


125 West Church Street 


Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 Fast 19th Street New York 3, N. ¥. 


ONLY $75 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Take advantage of the services of these outstanding firms! 
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Burcess & 
Consulting Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


PROFESSIONAL 
SERVICES 


BURNS & McDONNELL 
Engineers - Architects - Consultants 
4600 E. 63rd St. Trafficway 


Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 


Consulting Engineers 


Investigations and Keports 
Design and Supervision 
Research and Development 
‘lood Control 


18 Tremont Street Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Roads and Streets 
Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


Designs and Surveys 


JOHN A. CAROLLO 
Consulting Engineers 
Water Supply and Purification, Sewerage, 
Sewage Treatment, Industrial Wastes, 
Power Generation, Streets. 


3308 N. Third St. 2168 Shattuck Ave. 
Phoenix, Arizona Berkeley 4, Calif. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants-Incineration—Gas Systems 
Valuations-Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSOER, TOWNSEND & ASSOCIATES 


Consulting Engineers 


Sewage treatment, sewers, storm drainage, flood 
control——Water supply and treatment —Highway 
and bridges Airports —Urban renewal— Electric 
and gas transmission lines-— Rate studies, surveys 
and valuations —Industrial and _ institutional 
buildings 


360 East Grand Ave. Chicago 11, Ill. 


CRAWFORD, MURPHY & TILLY 
Consulting Engineers 
TRAFFIC PROBLEMS—SWIMMING POOLS—SEWERS 
SEWAGE TREATMENT—WASTES TREATMENT 
WATER WORKS RESERVOIRS DRAINAGE 
FLOOD CONTROI AIRPORTS — STREETS 
HIGHWAYS—EXPRESSWAYS—SURVEYS & REPORTS 


755 South Grand West Springtield, Ilinois 


Damon & Foster 


Consulting Civil Engineers and 
Survevors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


DOW INDUSTRIAL SERVICE 
Division of The Dow Chemical Company 
Consulting Laboratories 
Pollutional Characteristics Waste Evaluations 
Treatmer ’rocess Development 


cal Cleaning 


20575 Center Ridge Road 
Cleveland 16, Ohio 


JOURNAL 
Advertising Pages 
These pages provide assistance to you 
when service is needed in the waste- 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 
also assist the readers. 


Consult these specialists for professional assistance! 


: dla 
| 
: Water Works and Water Treatment 
. Sewerage and Sewage Treatment 
; Municipal and Industrial Wastes 


JOURNAL 


WPCF 


PROFESSIONAL 
SERVICES 


Sanitary and 

ROY B. EVERSON yarautic 

Engineer 

Sewage and industrial wastes treatment city 

water purification, and complete swimming pool 
systems—Filtration Experience since 1900 

Valuations— Reports — Research — Development 
207 W. Huron St., Chicago 10, Hl. 
SUperior 7-3339 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 


Sewage Treatment—Sewerage and Drainage Systems 
Water Supply and Distribution—Incinerators 
Airports—Bridges—Express Highways—Port and 
Terminal Works—lIndustria! Buildings 


11 Beacon Street Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 
CONSULTING ENGINEERS 
Water Supply, Water Treatment, 
Sewerage, Sewage Treatment, 


Industrial Waste Treatment 


2130 Madison Avenue Toledo 2, Ohio 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 
Water Supply ; Sewerage; Structures; 
Drainage ; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 
816 Howard Avenue New Orleans 12, La. 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
JourRNAI This is where potential 
clients seek professional assistance 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


GANNETT FLEMING CORDDRY AND CARRPENTER, INC. 


Engineers 


Sewage, Industrial Wastes & Garbage Disposal 


Traffic & Parking—Appraisals 


Dams, Water Works, Highways, Bridges & Airports, 
Investigations & Reports 


HARRISBURG, PENNSYLVANIA 
Branch Offices 


Pittsburgh, Pa. 


Philadelphia, Pa. 


Daytona Beach, Fla. 


GIBBS & HILL, INC. 
Consulting Engineers 
Industrial and Municipal Waste Treatment 
Water Supply and Treatment 
Electric Power and Transmission 
Transportation and Communication 
PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 


New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Flood Control, Drainage. Refuse Disposal 


Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Illinois 


HOWARD R. GREEN CO. 
Consulting Engineers 
Established 1913 
H. R. Green 
>. D. MULLINEX G. R. HotcuKkiss 
A. SAMPSON H. A. MILLer 
3. C. AHRENS B. W. Grirritu 
Water, Sewerage & Industrial Wastes 
Public Works & Industrial Projects 
Green Engineering Building 


C 
J 
( 


Cedar Rapids, lowa 


Take advantage of the services 


of these outstanding firms! 
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Charles W. Greengard 


Associates 


Consulting Engineers 


Sewage Treatment, Sew 

Water Supply, Industrial Waste Treat- 

ment, Roads, Subdivisions, Investigations, 
Reports, Desigus and Supervision 


Deertield, Illinois 


erage, Drainage, 


PROFESSIONAL 
SERVICES 


L. B. GRIFFITH 


CONSULTING ENGINEER 


Research, Reports and Designs on Sew- 


age and Industrial Waste Treatment. 


450 West Broad St. 


Falls Church, Va. 


HASKINS, RIDDLE & SHARP 


Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 


Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. 


Kansas City 5, Mo. 


A. Burger 
J. W. Avery 
E. S. Ordway 


HAVENS AND 
A 


Sutton 


EMERSON 
A.M. Mock 

F. S. Palocsay 

G. H. Abplanalp 


Frank C. Tolles, Consultant 
Consulting Engineers 


WATER, SEWERAGE 


. Gari 


WASTES, VALUATIONS 


Leader Bldg. 
Cleveland 14, Ohio 


N 


SAGE, INDUSTRIAL 
LABORATORIES 
Woolworth Bldg. 
ew York 7, N. Y¥. 


HAZEN AND SAWYER 
ENGINEERS 


Hazen 


W. Sawren 


H. E. Hupson, Jn 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave., 


New York 17, N. ¥. 


ANGUS D. HENDERSON 


Consulting Engineers 


Ancus D. Henpenson 


Tuomas J. Casry 


Water Supply and Sanitation 


330 Winthrop St., Westbury, New York 
355 Knollwood Ave . Douglaston, L. I, New York 


HENNINGSON, DURHAM 
& RICHARDSON 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


Omaha « Colorado Springs « Phoenix « Dallas 


HORNER & SHIFRIN George E. Hubbell 
Theodore G. Biehl! 
Consulting Eng rs 
E. E. Bross V. C. Liscuer 


Airports, Sewerage 
Sewage Treatment, Ir 


Water Supply & Treatment, Paving, Structures, 


Industry En 


1221 Locust Street 


& Drainage, Hydrology, 
ndustrial Waste Treatment, 


gineering Services 
St. Louis 3, Mo. 


Albert Roth 
George 8. Roth 


Homer W. Clark 
James W. Hubbell 


HUBBELL, ROTH & CLARK, Inc. 
Consulting Engineers 
Sewage and Industrial Waste Treatment 
Sewerage and Drainage Systems 


954 N. Hunter Blvd. Birmingham, Michigan 


Professio 


CONCRETE RESTORATION 


GRIT AND HEAVY SLUDGE REMOVAL 


SEWAGE AND WATER WORKS 
HUDSON -RUMSEY CO., INC. 


nal Engineers 


1679 Niagara St. 


Buffalo 7, N. Y. 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


WILLIAM T. INGRAM 


Consulting Engineer 
Sanitary and Public Health Engineering 
Planning — Design-— Research Water 
Sewage—-Refuse——Industrial Wastes 
Air Pollution Control-—Industrial Health 


Offices: 
East Coast West Coast 
20 Point Crescent 90 Panoramic Way 


Whitestone 57, N.Y. Walnut Creek, Calif. 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports— Design—Construction 


1392 King Ave. 


Columbus 12, Ohio 


JOHNSON & ANDERSON, INC. 


Consulting Engineers 


Sewerage--Water Supply & Distribution —Bridge 
Highways - Municipal Engineering Flood Con- 
trol & Drainage 
2300 Dixie Hwy., Pontiac, Mich. 

FE 2-0181 

Warren Oftice Flint Office 
24187 Ryan Rd. 604 Metropolitan Bldg. 
Warren, Mich. Flint, Mich. 
SLocum 7-1167 CEdar 9-4102 


JONES, HENRY & WILLIAMS 
Consulting Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Ave. Toledo 6, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BESSELIEVRE, MGR 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 
Los Angeles Salt Lake City Tacoma 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 

Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 


Reports, Designs, Supervision 
Of Construction and Operation 


Chemical & Biological Laboratory 
1100 South Broad St. 


Trenton, N. J. 


LOCKWOOD, KESSLER & BARTLETT, INC. 
CONSULTING ENGINEERS 


Water, Sewage, Industrial Wastes, Lncinerators 
Water Pollution Studies, Municipal Engineering 
Aerial Mapping, Highways, and Bridges 


Syosset, New York - San Juan, Puerto Rico 
Bogota, Colombia 


ONLY $75 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tity your firm with the specialized 
sewage and industrial wastes field and 


will afford maximum prestige! 


Consult these specialists for professional assistance! 
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Lozier Consultants, Inc. 
Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
Rochester 4, N. Y. 


10 Gibbs Street 


PROFESSIONAL 
SERVICES 


CHARLES A. MAGUIRE & ASSOCIATES 
Engineers 
Sewage Collection and Disposal 
Water Supply and Distribution 


Drainage, Refuse and Pipelines 


14 Court Square Boston 8, Mass. 
1100 Turks Head Building Providence 3, R. 1. 


GEORGE B. MEBUS, Ine. 


Consulting Engineers 


Water Supply Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & Eppby 
ENGINEERS 


Soils, Foundations, Waterworks, Sewage 

Works, Drainage, Irrigation, Flood Con- 

trol, Refuse, Industrial Wastes, Airports, 

Hixghways, Military Projects, Industrial 
and Commercial Facilities 


Statler Building, Boston 16, Massachusetts 


JAMES M. MONTGOMERY 
Consulting Engineers, Inc. 
Water Supply— Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design—Operation 


Pasadena, Calif. 


535 E. Walnut St. 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE 


Consulting Engineers 


Industrial Waste Treatment 
Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 
400 East Genesee St. 


Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE & DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural Power — Transportation 


165 Broadway New York 6, N.Y. 


PIATT & DAVIS 
AND ASSOCIATES 


P. D. DAVIS W M. PIATT, III 

Consulting, Designing, and Supervising Engineers 

Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 


Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


Your firm should be 
listed here 


the most complete direc- 
tory of firms specializing in the 
wastewater field. 


MALCOLM PIRNIE ENGINEERS 


Malcolm Pirnie Carl A. Arenander 

Ernest W. Whitlock Malcolm Pirnie, Jr. 

Robert D. Mitchell Alfred C. Leonard 
MUNICIPAL AND INDUSTRIAL 


Water Supply Water Treatment 


Sewage and Waste Treatment 
Drainage - Rates - Refuse Disposal 
25 West 43rd Street 
New York 36, N.Y. 


3013 Horatio Street 
Tampa 9, Florida 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 
Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RADER AND ASSOCIATES 
Engineers and Architects 
Water Works, Sewers, Refuse Disposal 
and Other Public Works Engineering 
Reports, Investigations, Consultations 
Plans, Specifications and Supervision of 
Construction Work 


The First National Bank Building, 
Miami 32, Florida 


REAVES & GREGORY 
Consulting Engineers 


C. REAvEsS 
Pau. D. Grecory 


3332 West Seventh Fort Worth 7, Texas 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment Plant 3 vision 
Industrial Waste Tre 
Laboratories for Chemical and Bacteriological 
Analyses 
369 E. 149th Sc. New York 55, N.Y. 
MOtt Haven 5-2424 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 


V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 

Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
2747 Zuni Street Denver 11, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
tute Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations - Design - Supervision of 
Construction - Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage - Aerial Surveys -Site Planning -Urban 
Subdivisions «Industrial Facilities -Electrics 
Mechanical 


2910 Topeka Blvd. Topeka, Kansas 


J. E. SIRRINE COMPANY 


Fnyineers 
C/ Since 1902 
GREENVILLE, SOUTH CAROLINA 
Design, Reports, Consultations 


Water Supply and Treatment 


Sewage and Industrial Waste Treatment 
Stream Pollution Surveys 


Chemical and Bacteriological Analyses 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
tilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


A PROFESSIONAL CARD 


presents your services to over 10.000 
paid readers with each issue of the 
JourNAL. This is where potential 
clients seek professional assistance 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 
SERVICES 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 208 S. LaSalle Street 
Muscatine, lowa Chicago 4, Illinois 
1154 Hanna 


Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply —Sewerage— Waste Disposal 
Bridges—Highways—Industrial Buildings 


Studies—Surveys—Reports 


Columbus 15, Ohio 


245 N. High St. 


TIGHE & BOND 
CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
Tel. JEfferson 3-3991 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 

Supervision of Construction and Operation 


WALLACE & HOLLAND 


Consulting Engineers 
Civil — Sanitary Structural 


401 N. Federal 


Mason City, lowa 


J. STEPHEN WATKINS 


J. S. Watkins G. R. Watkins 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures 

446 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway Louisville, Kentucky 


LEONARD S. WEGMAN CO. 


Consulting Engineers 


Water, Sewerage and Drainage Works 
Incine-ators 
Sanitary, Industrial Wastes— Treatment, Recovery 
Erosion, Flood and Waterfront Works 
Reports — Design Supervision 


235 East 45th St. 


New York 17, N. Y. 


ROY F. WESTON, INC. 
Engineers— Bi 1 gi 
Industrial Wastes 
Stream Pollution—Air Pollution 
ater—Sewage 
Surveys—Researc h— Development— Process 
Engineering — Plans and Specifications — 
Operation Supervision — Analyses — E valua- 
tions and Reports 


Newtown Square 


Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 

Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


WILSON & COMPANY 
ENGINEERS & ARCHITECTS 
Investigations —- Planning —- Design 
Water, Sewerage, Streets, Highways, Bridges, 
Electrical, Airfields, Drainage, Dams, 
Treatment Plants, Industrial installations 
Chemical Testing Lab Aerial Mapping 
Electronic Computer Services, Reproductions 
631 East Crawford om Salina, Kansas 
2930 Geo. Washington Ave., Wichita, Kansas 


Consult these specialists for professional assistance! 
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(See pages 30a, 32a, 34a, and 36a for full listing of products.) J 
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Chicago Pump Company Facing Second Cover 
Combustion Engineering nond ‘ soe 258 
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KEY 
to 
37,000 JOURNAL Pages 
in 
Two Short Volumes 


TWENTY-YEAR INDEX to Sewage Works Journal, 1928- 
1948, Volumes 1-20, provides complete indexing for these 


important 20 years, with 144 pages in handsome buckram 
binding, $3.00. 


TEN-YEAR INDEX to Sewage and Industrial Wastes, 
1949-1958, Volumes 21-30, covers 10-year period of the 
successor to original Journal; 168 pages; in buckram bind- 
ing to match 20-Year Index, $4.00; in heavy paper, $3.00. 


Both indexes contain separate listings by author, sub- 
ject. and geographical categories, along with full cross- 
referencing. These features make them complete and 
easily used references. 


Send orders to the Federation office: convenient coupon provided 
on WPCF Publications page elsewhere in JOURNAL. 


WATER POLLUTION CONTROL FEDERATION 


Wisconsin Avenue Washington 16, D.C. 
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DIGESTER 


GA SL F T E R SEATOR-MIXER 


DIRECTUBE HEATX 
— for economical sludge heating 


GAS LOCKING CHAMBER 
—for safe, easy inspection 


GAS-LIFT PRINCIPLE 


— for powerful over-all stirring 


All Gaslifter equipped digesters have the 
common advantage of better, uniform di- 
gestion. Contents are liquefied, completely 
circulated and diffused —even dense 
sludges, surface grease and scum. Bottom 
shoals eliminated. The eductor tube, gas- 
lift principle creates a powerful over-all 
roll within the digester which sweeps all 
areas resulting in complete homogenizing 


Positive, powerful roll allows for economical 
intermittent operation since steady state ho- 
mogenization takes place within 15 minutes 


Rapid gasification is induced while volatile 
acids remain low. 


Incoming green sludge is readily admixed so 
as to accelerate its digestion permitting maxi- 
mum loading. Methane yield is increased and 
good supernatent obtained 


Built-in gas locking chamber permits safe 
withdrawal of the gas diffuser from within the 
lift tube without digester shut-down or danger 


The DIRECTUBE HEATX -GASLIFTER assembly 
combines economical, positive temperature con- 
trol and efficient digester operation. DIRECTUBE 
HEATX is shop fabricated as an integral part of 


the GASLIFTER and requires only hot water re- 
circulation lines from a Walker Sewage Gas 
Boiler. Optimum temperature requirements are 
easily maintained. Available with manual or 
automatic controls 


Write for bulletins 24-S-82 and 25-S-91 


Top Left — LAS CRUCES, N.M. — 8000 gpm GAS- 
LIFTER in 50° dia. digester with fixed cover 
R. A. Smith, Supt. Gordon Herkenhoff & Assoc., 
Albuquerque, Cons. Engrs 


Top right — SACRAMENTO COUNTY, CALIF 
(San. Dist. «3) GASLIFTER in 70’ dia. digester 
with fixed concrete cover. Mr. Norman Farnum 
Supt. Dewante & Stowell, Sacramento, Cons 
Engrs 


WALKER PROCESS EQUIPMENT INC. 


a leader in equipment for 
WATER 


TREATMENT 


INDUSTRIAL WASTE TREATMENT 
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RELIABILITY... FLEXIBILITY... 


URABILITY 


‘LOCK JOINT CONCRETE ROLLER 
PIPE with the RUBBER and CON 


LOCK JOINT Long life is built into every section of Lock Joint Roller 
Suspension Sewer and Culvert Pipe through a manu- 


RUBBER and CONCRETE JOINT 


RENTIAL 


RUBBER GasneT CIRCUMFE 
REINFORCEMENT 


facturing process which produces concrete walls of 
unusual strength and density. 


The non-corrosive, non-tuberculant inner surface of 


be the pipe is remarkably resistant to abrasion and as- 
= sures continued high flow characteristics and trouble- 
Lock Joint’s Rubber and Concrete Joint. available in 
this type of pipe and in some designs of conventionally 
cast pipe, gives maximum protection against infiltra- 
tion while affording ample flexibility to aecommodate 
a oe deflections due to ground settlement and expansion of 


SEWER AND CULVERT PIPE PLANTS 


contraction due to temperature changes. 

For economy in jointing, Roller Suspension Pipe is 
produced in standard §8’ lengths and is available in 
diameters from 12” to 72. Lock Joint Pipe Company 


Kenilworth, NJ Beloit, Wis Denver, Colo 
Hartford, Conn Chicago, Cheyenne, Wyo al . 

aiso produce 2 Hae > “4 4 
New Haven, Conn Rock Island, I Casper, Wyo luces pa un oom ide and t pipe as in 
Buttalo, N.Y Valley Park, M Tucumcari diameter from 6” to 120” or even larger if required, Al] 
Rochester, N.Y N. Kansas City, Kans Hato Rey : ’ 

Edgewater, Fla Tulsa, Okla Carolina, Puerto Rico Lock Joint sewer and culvert pipe may be designed to 
Mises. fia Oklahoma City, Okla. Ponce, Puerta Rico comply with A.S.T.M., State Highway or individual 
W. Palm Beach, Fia Wichita, Kans Caracas, Venezuela ? 


Pressure + Water + Sewer » REINFORCED CONCRETE PIPE = Culvert +» Subaqueous 


specifications. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 
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| Wet COMPOUND-LOOP CONTROL 


Compound-loop Control by Wallace & Tiernan maintains chlorine 
residuals automatically—provides utmost flexibility in arrangement and 
process control. 

Chlorinator feed rate is adjusted by two signals: one from water 
flow, the other from continuous, automatic residual analysis. Since feed 
rate is the product of these signals, Compound-loop Control gives you a 
range of greater than 100:1. No matter how much flow or demand 
changes, your system always maintains the selected residual. 

Regardless of the size, type. or physical layout of your system, 
Compound-loop Control adapts readily. Electric, pneumatic, or 
variable vacuum control signals can be used. And you can in- 
stall Compound-loop Control as a package or convert to it, 


component by component, as your system expands. 


For more information, write Dept. S-145.84 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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